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ABSTRACT

This report covers the work of the Physical Oceanography and Water
Column Geochemistry (POWCG) Studies Group of the Subseabed Disposal
Project (SDP) from October 1984 to termination of the project in May
1986. The overview of the work includes an introduction, general
descriptions of the activities, and a summary. Detailed discussions
are included as appendices. During the period of this report the
POWCG Studies Group held a meeting to develop a long-term research
plan for the Nares Abyssal Plain, which was recently designated as a
study area for the Environmental Study Group of the SDP. The POWCG
Studies Group has also planned and participated in two interdisci-
plinary oceanographic missions to the Nares which have resulted in
the acquisition of data and samples which can be used to begin to
understand the workings of the ecosystem at the site, and for
developing a preliminary site assessment.
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SUBSEABED DISPOSAL PROJECT ANNUAL REPORT,
FY85 TO TERMINATION OF PROJECT: PHYSICAL OCEANOGRAPHY AND
WATER COLUMN GEOCHEMISTRY STUDIES
OCTOBER 1984 THROUGH MAY 1986

Introduction

This is the report of the Physical Oceanography and Water Column
Geochemistry (POWCG) Studies Group of the Subseabed Disposal Project
(spP) for FY85 (October 1984 through September 1985) to termination
of the POWCG contractors' work in May 1986. )

During the period of this report the POWCG has

. Analyzed samples and data collected during the Nares I

Mission to the Nares Abyssal Plain (Figure 1)

. Held a planning meeting to develop a six-year research plan

for the Nares Abyssal Plain

o Planned and staged a second interdisciplinary (physical
oceanography, water column geochemistry, environmental
modeling, and biology) mission (November 1985) to the Nares
Abyssal Plain (current meter results are discussed in

Appendix E and radon results in Appendix H).

The POWCG Studies Group, the Biological Oceanography (BO) Group,
and the Environmental Modeling (EM) Group comprise the Environmental
Studies Group, whose area of responsibility is the environmental
characterization of the world's oceans as they relate to subseabed

disposal.

The three components of the Environmental Studies Group work
together to provide data required to assess radiological impact of
seabed disposal on the ecosystem in general and on human beings in

particular. A functioning subseabed repository could have
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radiological impact on the ecosystem in a number of ways. Even a
repository that completely satisfies all its performance criteria
could eventually release small amounts of radioactive material into
the surrounding ocean environment. Moreover, a few waste canisters
could be improperly emplaced or the hole over an emplaced canister
might not close properly. A low-probability accident involving a
canister or a transport ship could result in leakage from canisters
lying on the deep seafloor (It is assumed economically feasible to
remove canisters accidentally placed in shallow water). In each of
these cases, the environment would be affected through seawater

contamination.

The EM Group is responsible for developing ocean transport
models to reliably predict the impact of releases on the environment
and humans. The POWCG and BO groups provide basic data that
contribute to model development and validation, and which provide
necessary information for characterizing potential sites. The POWCG
and BO groups also study, or promote the study of, important
processes that control movement of bottom-source tracers back to
humans; the objective is to obtain a sufficiently complete
understanding of the physics, chemistry, and blology of these
processes to be able to determine under what circumstances they
should be included in our ocean transport models and site
characterizations. BAn example of a complex of such processes is the
transport characteristlics of deep western boundary currents and
their exchange with the ocean interior. Such currents could provide
a potential avenue for rapid transport to the deeply mixed waters of

the Antarctic ocean.

The ocean transport models are for the most part up and running
in their basic versions, and more advanced versions are being
developed. Areas where sufficient data are available have been
selected to validate the models. Also, site-specific application of
the models has begun at locations chosen for their scientific or
site interest. At one such location, the Nares Abyssal Plain in the

western North Atlantic ocean, the SDP has established a long-term



observation program to characterize the mean flow, deep dispersion,
and water column geochemical properties of the Nares region. The
international Seabed Working Group (SWG) is sponsoring a similar
study Just eést of Great Meteor Seamount (west of the Canary
Islands). This work is in addition to the continuing international
observation program at the present low-level dump site in the
eastern North Atlantic. Exchange of physical oceanographic data
among members of the SWG for model-model intercomparison is also in

progress.

Activities

Planning Meeting for the Nares Abyssal Plain Long-Term Reasearch Plan

sandia National Laboratories' (SNLA) staff, contractors, and
consultants met in Albuquerque, NM, on March 14 and 15, 1985, to
develop plans for a six-year interdisciplinary research program at
the Nares Abyssal Plain. The Nares has been selected as the site at
which the SDP will valldate environmental models and perform a site
characterization for the 1990 status document. In addition, the
Nares work will be structured so that it can be used to develop
techniques and tools to efficiently and cost-effectively produce a
reliable risk assessment and site characterization (including model
valldation) for any location likely to be selected as a potential
repository site. Results of this meeting are summarized in

Appendix A.

Analysis of Data and Samples from the Nares I Oceanographic Mission

The purpose of this mission (September 19 to October 1, 1984)
was to conduct an interdisciplinary reconnaissance of the Nares
Region, which had at that time recently been designated a study area
for the Environmental Studies Group. A summary of the work aboard
ship is in last year's annual report (Kupferman, 1987). The
following is an overview of the results of sample and data analysis

contained in the appendices and references of this report. The



information obtained on the Nares Mission, along with a historical
summary and synthesis of the physical oceanographic observations in
the region, was used as background material for developing the Nares

Abyssal Plain long-term research plan discussed in Appendix A.

The work on this mission consisted of a mooring recovery and
deployment, hydrography, in-situ pumping and large-volume water
sampling, coring, and exercising the onboard, real-time prediction
system, using the Harvard open-ocean, regional-eddy-resolving
model. The results and significance of this work are summarized

below. Additional material is in the references and appendices.

Mooring work—--A current-meter, sediment-trap transmissometer mooring

deployed in August 1983 was recovered and replaced with a similar
mooring containing more sediment traps for better definition of

vertical particle fluxes.

The current meter data significantly increased information
available about currents in the region (Pillsbury et al., 1986).
The mean direction of flow was toward the northeast at all measured
depths, which were between 725 m and 5800 m (the latter was 50 m
above the bottom). Mean velocities were on the order of 1 cm/sec,
while mean speeds were about 5 cm/sec. Maximum speeds observed in
the deep water (2950 m and below) were about 10 cm/sec over the
400-day period that the mooring was in place. 1In the deep water,
vertical coherence was very high at low frequency (i.e., less than
0.1 cycle/day). Most of the variance in the current meter records
occurs at perlods greater than 50 days. The major tidal energy is
at the semi-diurnal frequency (at 5800 m, semi-~major axis of m

2

component, 1 cm/sec at 12.42 hour period; S, component, 0.4 cm/sec

2
at 12.00 hr period) with significant enerqgy at the diurnal frequency

(K1 component, 0.3 cm/sec at 23.93 hr period) (Pillsbury, 1986).

All information supports initial suppositions that the Nares
Abyssal Plain is a relatively inactive region where nontidal current

patterns are dominated by intermittant, low-frequency (mesoscale)



activity. Measurements of at least several years' duration will be
required to establish stable, mean-current-velocity values. This
conclusion is supported by Nares II moorings results, which are

discussed beiow and in Appendix E.

A quick look at data from the recovered sediment traps reported
last year (Kupferman, 1987) showed that both upward and downward
biogenic bulk fluxes were relatively low for an open ocean site,
reflecting the low primary productivity at this central gyre
location. This year the sediment trap samples were analyzed for
mass, organic carbon, nitrogen, phosphores, calcium carbonate, opal,
and other major and minor elements (see Appendix B). Subsamples

were subjected to radiochemical analyses (see Appendices C and D).

The biogenic particle flux at Nares is lower than that near
Bermuda by nearly a factor of two, implying very low biological
productivity. Seasonal flux varies by a factor of two and the
maximum flux is associated with high biological production in the
spring and summer. Most flux values covary in the upper (1500-m)
and lower (4800-m) traps} reflecting the rapid transport of surface-
derived material to the deep ocean. There 1is also evidence that the
horizontal transport of sediments from other depositional
environments is occurring. The Nares Abyssal Plain lies directly
beneath the trajectory of dust carried from the Sahara on the
northeast trade winds; thus, the total fraction and net flux of

terrigenous components are relatively high.

The upward flux of material collected by the inverted sediment
trap at 4865 m was very low (typically three orders of magnitude
less than fluxes downward) and lower than upward fluxes measured at
other sites. This may be a consequence of the lower productivity at
this site, which supports fewer abyssal organisms that produce
buoyant particles. No apparent relationship exists between the
downward organic carbon flux and the upward bulk flux. Buoyant
particles do not appear to provide a significant upward transport

vector at the Nares site (see Appendix B).



Hydrography--The hydrographic work consisted of conductivity,
temperature, depth (CTD) profiles, along with simultaneous light-
transmission and dissolved-oxygen profiles. These CTD/light-
transmission/dissolved-oxygen profiles will be referred to hereafter
as CTD profiles. Measurements are made in real time and transmitted

by cable to the ship's laboratory.

puring the profiles, water samplers on the profiling instrument
are tripped remotely to collect point water samples (typically 12 to
24) for calibration of the CTD and to measure compounds such as
silicate, for which chemical analyses must be conducted aboard
ship. All information is used to analyze the property structure of
water in a particular region, in order to characterize sources of
water found in the region and the long-term water circulation
patterns (years to hundreds of years). CTD data are also used to
calculate water density as a function of depth, and this information
can be used at successive measurement stations in the geostrophic
approximation to calculate short-term currents in a region. The
results of these dynamical calculations were used for initializing
and validating mesoscale models. Knowledge of the current-field and
long-term circulation in a region through hydrographic and current-
meter measurements is important for interpreting geochemical and
biological data and is thus an important first step in providing

background for understanding the dynamics of a region's ecosystem.

It was originally planned to obtain ten CTD profiles and 22 XBT*
profiles in a 90-km-per-side square grid centered at the mooring.
These data, in conjunction with the geostrophic approximation., would

be used to calculate currents for initializing the reglonal-eddy-

*The Expendable Bathythermograph is an expendable profiling
instrument to measure temperature as a function of depth, typically
to a depth of 750 m, to supplement CTD data for dynamical calcula-
tions and other purposes. XBTs save time because measurements can
be made while the ship is underway. The ship must be stopped to
take CTD profiles, which require five to six hours in the 6000-m
Nares region depths.



resolving model. The CDT and XBT profliles were to be repeated after
several days to check the accuracy of the model predictions.
Unfortunately, the CTD cable experienced irreparable electrical
failure aftef silx CIDs, so it was impossible to carry out the
program as planned. The initial grid pattern was completed using
XBTs. It was decided that the most effective use of remaining time
would be to examine the deep water mass structure south of the
mooring in an attempt to locate the western boundary undercurrent

and to determine the water types moving through the general area.

This program could be carried out with the nonconducting,
hydrographic wire and water sampling equipment on board. Since the
SDP is primarily concerned with bottom sources, sampling was
concentrated in the deep water column from 4000 m to the bottom

(about 6000 m).

Temperature salinity (0-S) plots from CTD data were compared
to a standard 6-S curve (Arml and Bray, 1982) for the western
North Atlantic (see Laine, 1985). our 6-S curves closely tracked
the standard curve with slight deviations at 7°C and 5.4°C (about
950 m and 1150 m, respectively), due to slightly stronger admixtures
of fresher Antarctic intermediate water at 7°C and saltier
Mediterranian outflow water at 5.4°C. These water mass signals were
about as expected for this location. Bottom mixed layers were
observed in all CTDs for which near-bottom data were available (five
out of six). These layers were very weak; the temperature signal
was only a few millidegrees and the layer thicknesses ranged between
30 m and 65 m. Usually, the layers were most clearly evident in the

light-transmission vs. depth plots.

A possible explanation for the weakness of the bottom mixed
layers is that currents in the deep water were very weak at the time
of the Nares mission, as indicated by the records from the recovered
current meters (Pillsbury et al., 1986). Thus, any intrusion of
bottom water from outside the region would have been slow, and there

would not have been much kinetic energy available in the bottom



currents to convert to turbulence for vertically mixing the near-

bottom waters.

By examining near-bottom water characteristics for temperature,
salinity, silica, and oxygen data (see Laine, 1985) we hoped to
discern the presence of the western boundary undercurrent, which is
thought to flow to the east through the southern portion of the
study area. A clear-cut indication of its presence was not found,
presumably due to the complexity of the flow field in the region and
to the wide station spacing (40 km) in the southern part of the

region.

Pumping and large-volume water sampling--Pumping and large-volume
water sampling are a part of the water column geochemistry program.

The program's objectives are to develop and validate geochemical
transport models and to assist in producing a site characterization

for the Nares region.

In-situ pumps are used to sample large volumes of seawater
(order of 1000 %) for reactive chemical species, specifically,
naturally-occurring thorium lsotopes and the artificial

radionuclides Pu and 241Am

. The concentration of these species
is low in seawater; the pumps allow more accurate and precise
analyses through the collection of larger samples than is possible

by the collection and onboard processing of bulk water samples.

The pumps force water through a l-micron filter cartridge and
then through two identical cartridges previously coated with
manganese dioxide (Mnoz). The first cartridge functions as a
prefilter to collect suspended particulates and the two Mno2
cartridges absorb the nuclides of interest from seawater. Analysis
of both MnO2 cartridges determines the chemical extraction
efficiency and, coupled with the measured volume pumped, the

concentration of radionuclide in solution.



The pumps are self contalned and battery powered. Several pumps
are lowered to different depths on the ship's hydrographic wire and
left in place for several hours in order to collect samples. Timers
turn the pumps on and off at sampling depth. A similar system with
an onboard pump is avallable for collecting near-surface samples on

station or when the ship is underway.

Large-volume water samples (60%) are collected to determine
dissolved Pu, 137Cs. and 90Sr (which are not efficiently
absorbed by the Mno2

pumped radioisotope samples.

cartridges) and for backup samples for the

Pumping and large-volume water sampling are the responsibility
of J. K. Cochran and H. D. Livingston, who are also working with
radioisotopes in the sediment trap samples and in bottom sediments.
After additional sampling, their work will result in a comprehensive
picture of the distribution of thorium isotopes, 210 Pb, fallout
transuranics, and 137Cs in the water column (including

particle-associated phases) and sediments at the Nares site.

The significance to the SDP is that this information can be used
to define several parameters necessary to build a geochemical
scavenging component into the physical modeling effort. These
parameters are not restricted to the specific nuclides involved.

The suite of nuclides studied spans a range of chemical reactivities
with respect to scavenging; in many instances, these are critical
radionuclides in high-level waste forms--or represent very close
chemical relatives of critical nuclides. Thus the data set will be
applicable to the selection of geochemical modeling parameters which
are relevant, realistic, and based on real oceanic measurements as

opposed to laboratory experiment extrapolations.

Fallout radionuclides also appear to be useful deep-water
tracers for studying interaction of the deep western boundary
current with the ocean interior at the Nares site. This interaction

is a key component of the deep mixing processes which disperse a

-10-



waste signal introduced to the bottom water in the ocean interior
from a site on the western side of an ocean basin. Tracers, which
can establish the rates of such processes, will provide highly
relevant inpht to the deep circulation modeling effort. This work
is discussed in Appendices C and D.

Core Samples—--The 1.8 m gravity core was analyzed for chemical

2380. 2340. 232Th. and

composition (Appendix B) and for
230Th (Appendix C). The depth distribution of unsupported

230Th. the isotope normally used to measure sediment accumulation
rates, does not decrease regularly with depth, but shows alternating
zones of high and low activity. No meaningful accumulation rate can
be derived from these results. These data are similar to data of
Thompson et al. (1984) in cores from the Nares, which led them to
conclude that turbidite sedimentation strongly affects the
stratigraphy of the site. The Nares core supports this conclusion
and fosters belief that as much as 170 cm (of the 180 cm) of
sediment found in the core must have been deposited relatively
rapidly (over about ten thousand years), perhaps as a series of
turbidite deposits separated by poorly defined periods of pelagic
sedimentationn (a detailed discussion of these matters is contained

in an addenda to Appendix H).

The pelagic sedimentation rate derived from the slowly
accumulating "red clay" sequences studied by Thompson et al. (1984)
was 0.3-0.7 mg/cmzy. This "base"” value is consistent with the
range of terrigenous fluxes collected by the sediment traps
(Appendix B).
241Am analyses were completed on surficial sections of the
sediment cores collected by the Research Vessel Tyro from the Nares
site for which 239'240Pu. 137Cs, and 210Pb data were reported
in the FY84 annual report (Kupferman, 1987). Concentrations and,
consequently, sediment nuclide inventories are very low. Thus, the
picture of the Nares area as a sedimentary regime receiving a very

small flux of material from the surface ocean holds for 241Am, as

-11-



well as for the other, less reactive fallout nuclides and the

241Am/239'240Pu ratio is

elevated two to three times over that which would characterize

biogenic flux. The fact that the mean

integrated giobal fallout supplied to the surface ocean results from
the supply of 241Am—enriched, large sinking particles. The
sediments are, however, still a very minor sink for the fallout

transuranic inventory (Appendix D).

Mesoscale Modeling--Modelers from SNLA and Harvard University

participated in the Nares mission. Their purpose was to assimilate
XBT and CTD data into the Harvard-developed, regional-eddy model and
forecast the current field in real time. Real-time modeling is
important for monitoring, planning, and conducting biological and

other types of experiments, and for model validation.

If the current field is known when data are being collected,
critical areas for measuring can be inferred which will produce the
most efficient monitoring and/or experimental plan, and the best

model validation.

In spite of the CTD problem that made it impossible to
initialize the model to predict deep current flow, it was possible
to assimilate both CTD and XBT data into the shipboard computer in
real time and to initialize the model to make predictions of current
flow in the upper portion of the water column (less than 750 m

depth). These results are discussed in Marietta and Simmons (1986).

The Nares II Oceanoqraphic Mission (November 9 to 27, 1985)

The objective of the mission was to obtain information required
to complete the data set for a preliminary ecological assessment of
the Nares Abyssal Plain study area. Previous work at the site
provided information about the physical oceanographic and water
column geochemical structure of the region. The Nares II mission
gathered analogous information about important biological features

such as primary productivity, zooplankton activity, water column

_12_



biological fluxes, population densities of demersal scavangers,
microbiology, amino acid concentration, and sediment biological
activity--as well as supporting physical and geochemical data. A
current-metér, sediment-trap mooring (Nares II) was recovered,
extending the record length to 26 months. A similar mooring

{Nares III) was deployed in approximately the same location. All
information will be used By the SNLA environmental modeling group in
developing ocean transport models to predict potential doses of
radiocactivity from a repository to humans. Biological data will
also provide information for the blological carbon model used to
verify the consistancy of the experimentally measured and estimated

biological fluxes used in ecosystem models.

Planning for the mission took into account recommendations of
the meeting for the Nares Abyssal Plain long-term research plan

(Appendix A).

The mission had two legs. The first, scheduled for November 9
to 16, was to be primarily devoted to physical geochemical and
modeling work; the second, November 17 to 27, primarily to
biological and geophysical work. High seas from Hurricane Kate
made it impossible to do much of the work planned for the first leg
and led to the loss of a critical piece of equipment, the
CTD/Rosette/Transmissometer System. As a result of these
difficulties, the scientific party's makeup and work plan for the
second leqg were modified to insure that the critical task of
recovering the mooring was accomplished, while maintaining the
integrity of the biological work plan. Although bad weather delayed
the second-leg departure for two days, the dedication and
cooperation of the scientific parties of both legs made it possible
to accomplish most of the mission objectives, although the
abbreviated time schedule was a serious constraint that impacted all
areas of work. The preliminary results of the shipboard work will
be discussed briefly below. A more detailed discussion is in the
cruise report by the chief scientists for the mission (Shephard and
Laine, 1987).

_.13_.



Funding for the Atlantic Ocean field program was terminated
shortly after the completion of the crulse; as a result the
laboratory analysis of data and samples was limited. Work that was
accomplished is reported here and in the appendices. 1Individual
principal investigators are expected to analyze samples and data
with funding from other sources and to publish their results in the

open sclentific literature.

Hydrography--Two deep CTDs in the vicinity of the mooring and 85
(750-m) XBTs were taken during the mission; 64 of the XBTs were
collected in a grid pattern around the mooring. The original plan
was to initialize the regional-eddy-resolving model with them and
seven deep CTDs. This proved impossible because of the loss of the
CTD and the bad weather, which made it inadvisable to deploy the
backup CTD. The remaining 21 XBTs were collected on a transect from
San Juan, Puerto Rico, to the study area. An examination of the XBT
data indicated very little mesoscale activity in the upper water
column (0 — 750 m), either along the transect or around the mooring

early in Leq I.

In Situ Pumping--The in-situ pumps sample large volumes of seawater
for reactive chemical species, particularly the isotopes Pu,

241Am, and 137Cs. Seawater 1s pumped through a cartridge
prefilter to collect suspended particulates and then through
chemically treated cartridges which extract dissolved
radionuclides. Goals for the‘pumping were: 1) to compare retention
of particles on membrane, cotton, and polypropylene fiber
prefilters; 2) to assess the efficiency of extracting Pu from
solution onto different manganese oxide substrates and at different
flow rates; 3) to add to the pumping system a cartridge designed to
scavenge dissolved 137Cs. Nine subsurface samples were collected
using battery-powered, in-situ pumps at depths between 350 and

5720 m. Five surface-water samples were collected using an onboard
pumping system. The geochemical field work is discussed further in

Appendix F.
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Mooring Operations--The Nares—II mooring, installed September 21,

1984, was recovered with all instrumentation on November 21, 1985 at
23°l4.76'N. 64001.75'w. The recovery required 6.5 hours, due to
the complexity of the mooring and moderately rough weather.

Instruments recovered were upright sediment traps at 735, 1435,
2885, 3800, 4785, and 5785 m, plus inverted sediment traps at 2915
and 4815 m, and five current meters located at 750, 1450, 2900,
4800, and 5800 m.

The current meters at 750, 1450, 2900, and 4800 m appear to have
operated properly. The transmissometer at 4800 m also seems to have
operated satisfactorily. The transmissometer at 2900 m malfunc-
tioned and the data probably degrade rapidly after deployment. The
transmissometer at 5800 m was modified for extra deep deployment,
but doesn't seem to have survived. 1Its data are probably
contaminated. Its failure caused the current meter to which it was
attached to leak and eventually stop collecting data. The dual

release system functioned properly.

The Nares-III mooring was deployed on November 22 at
23015.07'N, 64002.07. This mooring contains the following

instrumentation:

S current meters at 750, 1450, 2900, 4800, and 5800 m
e 2 upright sediment traps at 1435 and 4785 m
1 inverted sediment trap at 4835 m
7 passive chemical monitors (an experimental system for long-
term radionuclide collection by absorption in situ,
developed at Woods Hole Oceanographic Institution) at 750,
1285, 2000, 2900, 3900, 4635, and 5800 m)
3 transmissometers at 1450, 4800, and 5800 m.

This mooring was recovered on November 3, 1986 (see

Appendix I). Summaries of data from the Nares-II current meters are
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in Appendix E. Sediment trap work 1s discussed further in
Appendix G.

Radon Analysis——The level of excess 222Rn in near-bottom waters

was measured as an index of the vertical diffusivity in the benthic
mixed layer. 222Rn, an inert, naturally-occurring radioactive

gas, 1s produced from the decay of 226Ra in sediment and

seawater. Near the bottom, concentrations of 222Rn are above

those attributable to decay of dissolved Ra because of radon
diffusion from the bottom sediments. The distribution of this
excess radon can be used to calculate the rate of vertical mixing of

bottom waters.

Samples were to have been obtalned on Leg I, but due to rough
weather and loss of the rosette sampler, the work was shifted to
Leg II. Radon was extracted from seawater onto charcoal columns at
dry ice temperatures and measured aboard ship using alpha
scintillation counting. Some samples were also drawn for tritium

analysis.

Biological Measurements Program*—-The flux of organic carbon to the

sediment was estimated using short-term moored sediment traps
located 10 m and 95 m above the sediment surface. Sediment
particles were obtained from these traps for gravimetric, elemental,
and isotopic analyses. These analyses willl provide data about the
total flux of material to the sediment and also the organic carbon

and total nitrogen flux to the sediment.

Two box cores were obtained which were used to provide:
(1) pore water nutrient** and dissolved free amino acid content;

(2) down core profiles of organic carbon and nitrogen; (3) bacterial

*Material on the biological measurements program is excerpted from
the Cruise Report (Shephard and Laine, 1987).

**pore water nutrient data were obtained on board using a
computerized Technican Auto Analyzer system. Data on phosphate,
silicate, nitrate, nitrite, and ammonia were obtained.
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counts and growth rates; (4) down core meiofaunal biomass and
sensitivities; (5) down core water content. Pore waters were
extracted by squeezing sediments in a nitrogen atmosphere using
Reebaugh sqheezers. Down core sampling was performed by sectioning
each box core horizontally using stainless steel "cookie sheets."

Each section was subsequently subsampled.

Floating sediment traps were to be used to determine the flux of
organic carbon and total nitrogen from the photic zone. Weather and

time constraints prohibited this deployment.

Amphipod population densitites were to be determined using
amphipod traps. As with the floating sediment traps, weather and

time considerations prevented deployment.

Four primary productivity stations were made to determine the
rate at which organic material is photosynthetically produced by
phytoplankton in the waters surrounding the Nares Abyssal Plain
study area. These measurements, in conjunction with chlorophyll
biomass estimates, phytoplankton densities, and particulate
carbon/nitrogen determinations, allow assessment of primary
production and carbon inputs at the base of marine food webs.
During the cruise, experiments were also designed to examine
possible methodological problems in determining productivity in
oligotrophic waters and to assess nutrient limitations of primary

productivity in the Nares region.

Zooplankton studies were also conducted during the cruise. Any
carbon model of water column processes must include an accounting of
the effects of feeding by microscopic organisms. - On attempt was
made during this cruise to specify the vertical distribution of
biomass and species of planktonic organisms in the area of the Nares
Abyssal Plain over the upper 3,000 m, but with special emphasis on
the upper 500 m. Feeding by zooplankton inhabiting various strata
in the deep sea, and their growth and reproduction, determine the

form (fecal pellets, eggs, live organisms, carcasses) in which
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carbon reaches adjacent strata. Knowledge of the numbers, sizes,
and types of deep-sea plankton can be used to predict their

contributions to carbon cycling.

Lack of time and of an appropriate conducting cable precluded
using an electronic opening-closing net system. Mechanical
opening-closing nets were successfully used to sample these strata:
3000-2000 m, 2000-1000 m, 1000-500 m, 500-200 m, 200-100 m, and
500-0 m. 1In addition, several series of standard oblique net hauls
covering the upper 500 m (500-C m , 200-0 m, 100-0 m and 50-0 m)
were performed to determine variance in plankton abundance in these
upper layers. The nets were standard 1-m rings fitted with
149-uymesh nets and General Oceanics flowmeters. Towing speed was
2 knots. Samples were preserved in 5% neutral formalin-seawater

solution for subsequent laboratory analysis.

There were no technical problems with the equipment used, which
required only a hydrowinch. However, to adequately assess the role
of zooplankton in water column carbon cycling, more sophisticated
equipment and much more ship-time are necessary. The present study

was a minimal, exploratory, and preliminary sampling effort.

Coordinated fish trapping and camera studies were conducted.
Initially, there were two scientific objectives of the camera and
trapping studies. The first was to repeat an experiment done
elsewhere in June 1984 aboard the Research Vessel Columbus Iselin.
This experiment used baited fish traps and a baited camera to study
the composition of nekto-benthic fauna and their food search
strategies, and tested a new method for estimating their populations
without travel data. The second objective was to determine the
distance from which organisms were attracted to the bait, to
determine effects of changes in food abundance at a location.
However, due to the loss of ship time from bad weather, time for the
proposed experiments was insufficient for the original plan. Instead
of setting the camera for six days and the traps nine times, the

camera was set for three days and the traps three times. This
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modification allowed capture of specimens for taxonomic
identification and radio analysis, and for photography of nekton
coming to the camera bait in order to relate their abundances and
behavior to‘existing near-bottom water currents. The baited camera
mooring included a current meter 6 m above the bottom. See

Appendix E for a summary of the current meter record.

The camera and trapping stations were located along a heading of
3270, corresponding to the average direction of the bottom current
during the same period in 1984. This proved to be a reasonable
assumption for these deployments (see Appendix E). One trap was set
3 km in the assumed up-current direction from the camera, one was 3
km down-current, and the last was 6 km down-current of the camera.
The camera was deployed for three days, but each trap fished for
only 24 hours. The distances and fishing times for the traps were
based upon the distance traveled in 24 hours by the bottom current
at an average of 3.5 cm/sec. Upon retrieval, the exposed film was
removed from the camera, to be developed after the cruise. Trap
catches were preserved in formaldehyde-seawater (fish) or frozen

(amphipods) after samples were removed for radioisotope analysis.

The photographs will be analyzed for identities of taxa, time of
occurrence, direction of approach to the bait, and sizes. The
trapped animals will be identified and measured, and, if possible,

gastro—intestinal contents and reproductive state determined.

Microbiological studies were conducted to determine:
(1) distribution and abundance of bacteria in the abysso-benthic
boundary layer of the Nares abyssal plain; (2) origin of the
bacteria present in that region (are most surface-water forms in
abyssal depths via sinking particulates or uniquely-adapted deep-sea
forms?); (3) ability of bacteria in abyssal waters and sediments to

respond to nutrient enrichment of their environment.

To attain these objectives, samples of abyssal seawater,

sediment, and sinking particulates from a sediment trap 10 m off the
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bottom were collected and analyzed. Samples were fixed immediately
in 2% formaldehyde for subsequent examination by epifluorescence
microscopy to determine total bacterial abundance and distribution.
Additional éamples, retrieved and processed at ln-situ temperature
as best as possible, were repressurized to in-situ pressure
following additions of 14C glutamic acid, 14c amino acid

mixture, yeast extract, or (unlabeled) amino acids. Utilization of
14c compounds was monitored at periodic intervals during a 48-hour
incubation period. Bacterial response to additions of yeast extract
or amino acids will be monitored at periodic intervals during a
12-day incubation period (cold, pressurized samples will be shipped
to Chesapeake Bay Institute to continue the studies). Replicate
samples incubated at sea-surface conditions and cold temperature,
but atmospheric pressure, will indicate the presence of surface-
water bacteria in the deep-sea samples, just as results of
incubation studies at in-situ temperature and pressure will indicate
the activities of the deep—sea bacteria themselves. Concentration
of added nutrients (labeled and unlabeled) was varied at in-situ
temperature and pressure to determine response of deep-sea bacteria

to nutrient enrichment.

onboard analysis was conducted of amino acid composition of pore
water and seawaters from box core stations. Onboard analysis is
needed to prevent loss of sample integrity due to freezing and
transport. Also performed on board was an experiment to estimate
the size of the plume from tuna used as bait for both the camera and
fish trap arrays. Plumes from fish bait are highly dependent upon
temperature and the surface area of the balt exposed to seawater.
Pore waters were squeezed using latex membranes under nitrogen.
Amino acids were determined using HPLC ion exchange with OPA as a
post—column derivitization reagent with a fluoresence detector.
Interstitial amino acid concentrations appear to be similar in
magnitude to those observed in the Hatteras Abyssal Plain and Puerto

Rico Trench.
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summary

This report period, October 1984 to termination of the project
in May 1986, has been a fruitful one for the POWCG Studies Group.
After last year's designation of the Nares Abyssal Plain as a
long-term study area (Kupferman, 1987), a fleld program was
developed to provide key information that would have by 1990 enabled
the environmental program to demonstrate that the knowledge and
capability exist to assess a site and that a validated ocean
transport model and data are available to permit a relatively
detailed assessment of physical and biological transport through the

water column at the Nares site.

T™wo interdisciplinary (Physical Oceanography, Water Column
Geochemistry, Biologqgy. and Environmental Modeling) missions to the
Nares have been completed. A major portion of the first year of the
Nares Field Research Program outlined in Appendix A has been carried
out. After further analysis, the data and samples obtained can be
used to begin understanding the workings of the ecosystem at the

site and developing a preliminary site assessment.

If future SDP work is carried out at the Nares, the greatest
need will be for high-precision, deep—CTD data (along with
supporting current meter data) to permit eddy-resolving models to be
run on the site. Because of equipment and weather problems, it has
not been possible on either of the two Nares missions to obtain a
complete set of initialization data. The model, when run in real
time, will be very useful for optimizing experimental plans aboard
ship and for taking advantage of unforeseen scientific
opportunities, as they arise. Laboratory simulation using these
models will be useful for future ecoystem and site assessment work.
The three years of moored current-meter data and the available
hydrographic data will probably be adequate for first efforts in

these areas.
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The data collected thus far offer a unique opportunity for
understanding transport processes in a deep ocean ecosystem. It is
hoped that project principal investigators will continue to analyze
samples and data using other funding sources and that they will
continue to collaborate in investigating the dynamics of the site

ecosystem.
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Appendix A

OVERVIEW OF NARES ABYSSAL PLAIN ENVIRONMENTAL PROGRAM PLANNING

MEETING

The meeting was held in Albuquerque, NM, on March 14 and 15,
1985, and was attended by Sandia National Laboratories' (SNL) staff,
contractors, and consultants (Table 1) to develop plans for a six-
year interdisciplinary research program at the Nares Abyssal Plain
and to discuss arrangements for the fall 1985 oceanographic mission

to the Nares Abyssal Plain.

The six-year term of this phase of the research program was set
by the date of the next Go/No Go Subseabed Disposal Project (SDP)
program gate in 1990. At the very least and in spite of funding
constraints, by 1990 we should have been able to demonstrate that we
had developed the knowledge and capabilities necessary to assess a
site. By 1990 refocusing of effort and improved coordination among
program coordinators and principal investigators should also have
permitted formulation of necessary models and acquisition of an
adequate data set for a relatively detailed assessment of the
physical and biological transport through the water column at the

Nares.

The meeting agenda is shown in Table 2. The meeting attendees
were presented with a strawman work plan (Table 3), based on a

prelimininary assessment of the oceanographic missions and



major tasks that would have to be carried out (and which could be
supported financially) to insure that the 1990 program gate

requirements would be met.

Participants were provided with copies of a review of available
physical oceanographic data for the Nares (Riser, 1985) and a cruise
report of the September-October, SNL-sponsored oceanographic mission
to the Nares Abyssal Plain (Laine, 1985). Speakers reviewed in
detail the results of the Nares mission* and introduced additional
biological, physical, and geochemical data relating to the Nares
Study Area. A six-year work plan was formulated and is presented in
Table 4. The schedule, in essence, follows the timing of the
cruises and tasks specified in the strawman plan (Table 3). Cost

and ship-time requirements are summarized in Table 5.

There was not sufficient time available for the detailed
planning of the fall 1985 oceanographic mission. This work was the
subject of continuing informal discussions and was completed at a

meeting held in July 1985.

*This information is contained in Appendices B, C, D, and E of the

1984 progress report (Kupferman, 1987) and in Appendices B, C, and

D of this volume.
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D.

R. Anderson
H. Brush

K. Cochran

Dymond

0. Forster

S. Gomez

L. Ingram

. W. Jackson

D. Klett

L. Kupferman
P. Laine

D. Livingston
G. Marietta
D. Pillsbury
C. Riser

R. Robinson
T. Rowe

F. Simmons
E. Shephard
L. Smith

L. Weatherly

A. Yayanos

Table 1

ATTENDEES

Sandia National Laboratories
Sandia National Laboratories
State University of New York
Oregon State University
Department of Energy

Sandia National Laboratories
Scripps Inst. of Oceanography
Scientific Info. Management, Inc.
Sandia National Laboratories
Sandia National Laboratories
University of Rhode Island
Woods Hole Oceanographic Inst.
Sandia National Laboratories
Oregon State University
University of Washington
Harvard University

Brookhaven National Laboratory
Woods Hole, Massachusetts
Sandia National Laboratories
Scripps Inst. of Oceanography
Florida State University

Scripps Inst. Of Oceanography
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Table 2

NARES ABYSSAL PLAIN RESEARCH PLANNING MEETING

AGENDA

Thursday, March 14, - 8:30 a.m.
Charge to the meeting D. R. Anderson (15)
General Overview S. L. Kupferman (15)
Modeling Overview M. G. Marietta (15)
Nares Biological Data Needs G. T. Rowe (15)
Details of Nares Circulation S. C. Riser (1%)

Break (15)

Discussion of Nares objectives and components of the research
program to include measurements, components and schedules both
long-term and for the October 1985 cruise. During this period there
will be opportunity for formal statements of up to 10-15 minutes by
individuals. This discussion will be led and moderated by A. R.
Robinson (3 hours) (Will be interrupted for 1 hour at noon for
lunch, to be served in the meeting room.)

Charge to the working groups S. L. Kupferman (15%)
Break into working groups to discuss

overall philosophy and general

approach 2 hours
Short statements by group leaders

and discussion S. L. Kupferman (1 hour)

Friday, March 15 - 8:30 a.m..

Individual group planning meetings
(exchange of individuals between

groups is encouraged) (3 1/2 hours)
Lunch (1 1/2 hours)
Presentation of detailed group S. L. Kupferman

reports and discussion (3 1/2 hours)
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FY1986

FY1987

FYl988

FY1989

FY1990

FY1991

TABLE 3

STRAWMAN SIX YEAR PLAN

October 1985 cruise: deploy Nares 3, recover Nares 2,
integrate biology.

October 1986 cruise: deploy scale determining array,
recover Nares 3, deploy deep drifters. (Possible ship
of opportunity launch of deep drifters.)

October 1987 cruise: deploy single mooring, recover
array. Analysis of array data for FYB9 experiment.

October 1988 cruise: deploy full array and dispersion
experiment, recover single mooring.

October 1989 cruise: recover array, continue to track
drifters, deploy single mooring. Analyze data for
status report.

Continue data analysis and modeling. Begin historical

research and planning for work at a new site and/or
consider follow-up work at Nares.
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TABLE 4

NARES FIELD RESEARCH PROGRAM

October 1985

FY1985

All in 1985 Dollars

PO & GC

Recover & Deploy
Mooring

Hydrographic Studies*

Drifters (5 pop-ups)

ODPS**

Pumping

Sediment Traps
Radiochemistry
Gravity Cores (2 ea.)
Bottom Boundary Layer
Radon (2 Profiles)

Tritium (100 Samples)

*Includes Silica

ship Time Total Cost

1/2 D 75K
4 D 50 X
- 30 X
7D 6 K
2D 120 K
- 190K
- 80 K
1/3 D 30K
- 10 X
- 20 K
13.83 D 611 K

*XQ0DPS - Ocean Description Prediction System
+BBL - bottom boundary layer
++WBUC - Western Boundary Undercurrent

—A7-

Purpose

Long Term Variability & Statistics
Regional Exploration, Modeling
Support

Float Exploration

Model Initialization & Check

Water Column Nuclides & Scavenging

Fluxes & Scavenging
Analysis of Trap Samples
Accumulation Rates Planning
Planning

pefinie BBLt

Characterize WBUCx«x



NARES FIELD RESEARCH PROGRAM

October 1985 FY1985 All in 1985 Dollars

Biology Ship Time Total Cost Purpose

(Characterize Standing Stocks)

Box Cores (6 ea., 3D 153K Carbon Model Validation Cf'sx
6 people) Bioturbation
Upper Water Column 1/2 D 25 K Source of Biogenic Particles

(1 person)

Zooplankton (2 people) 1D 60 K Deep Tows, Characterize
Reprocessing

Fish Trapping(l person) 1D 80 K Carbon Model, Cf's

Amphipod Trapping 1/2 D 4K Carbon Model

(2 people)

Baited Camera, Time Lapse 1/8 D 25K Carbon Model

Stereo Camera Sled 1D 4 K Carbon Model

(1 person)

Radiochemical Analysis - 24 K Organism Radioactivity
8.125 D 375 K
Meeting 25 K

*Cf —~ concentration factors
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NARES FIELD RESEARCH PROGRAM

October 1986 FY1987 All in 1985 Dollars
PO & GC Ship Time Total Cost Purpose

Recover & Deploy Scale 1D 350 K Determine Scales of Motion

Array

Hydrographic Studies 10D 100 X Modeling Support, Mooring
Support

RAFOS* Floats & Sound 3D 275 K Currents & Dispersion

Sources

ODPS 7D 6 K Model Initialization

Pumping & Chemical 2D 1110 K Water Column Nuclides & Scavenging.

Monitoring WBUC Exchange

New Pump Construction - 20 K

Sediment traps - 146 X Horizontal Gradients in Fluxes &
Scavenging

Radiochemistry -0 80 K Analysis of Trap Samples

Radon (Six Profiles - 30 K Test BBL Model Dynamics

BBL - 150 K Model Vvalidation, BBL,
Characterization

Tritium (250 Samples) - 50 K WBUC ~ Interior Studies

D 1317 K

*Variant of neutrally buoyant SOFAR (Sound Fixing and Ranging) floats, RAFOS is SOFAR

spelled backwards.
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NARES FIELD RESEARCH PROGRAM

October 1986

FY1987

All in 1985 Dollars

Biology

(Characterize Some Rates
of Processes)
Box Cores

Upper Water Column
(1 person)

Zooplankton (2 people)
Fish Trapping (1 Person)

Amphipod Trapping
(2 people)

Benthic Respirometer
(2 people)

Free Vehicles A4
(2 people)

Radiochemical Analysis

Meeting

Ship Time Total Cost

As Needed
1/2 D 25 K
2D 60 K
1D 80 K
1/2 D 4 K

aD -
1D 10 K
- 27 K
6 D 231 K
25K

Purpose

Source of Biogenic Particles

Characterize Reprocessing
Carbon Model

Carbon Model

Carbon Model Rates

Carbon Model Rates

Organism Radioactivity

Need bigger ship and US port (free vehicles, sound sources).
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NARES FIELD RESEARCH PROGRAM

QOctober 1987 FY1988 All in 1985 Dollars
PO & GC Ship Time Total Cost Purpose
Recover Array, Deploy 112D 75 X Long Term Variability and
Statistiecs
Hydrographic Studies 10D 130 K Model RAFOS, Support
Residence Time Work
RAFOS Floats (30 ea.) 5D 250 K Deploy Float Clusters
OoDPS 7D 6 K Simulation Studies
Pumping & Chemical 2D 130 K Water Column Nuclides &
Montoring Scavenging & WBUC Exchange
Sediment Traps - 195 X Scavenging & Horizontal
Processes
Radiochemistry - 30 K Same as Above
Radon (6 Profiles) - 30 K Test BBL Model Dynamics
BBL - 45 K Analysis
Tritium - 17 X Analysis
25.5D 1038 K
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NARES FIELD RESEARCH PROGRAM

October 1987 FY1988 All in 1985 Dollars

Biology Shiptime Total Cost Purpose

(Fill in Holes)

Box Cores As Needed

Upper Water Column 172 D 25 K Source of Biogenic Particles
(1 person)

Zooplankton (2 people) 2D 60 K Characterize reprocessing
Fish Trapping (1 person) 1D 80 K Carbon Model
Amphipod Trapping 1/2 D 4 K Carbon Model
Benthic Respirometer 1D - Carbon Model Rates
(2 people)
Move Free Vehicle A4 1D 10 X Carbon Model Rates
Higher in Water Column
(2 people)
Respiration Rate - - Carbon Model Rates
(2 people)
Intensive Radio-Chemical - 40 K Organism Radioactivity
Anal.
Floating Sediment Trap - 25 X Fluxes
(2 people)
6 D 244 X
Meeting 25 K

Need Large Ship
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NARES FIELD RESEARCH PROGRAM

October 1986 FY1989 All in 1985 Dollars
PO & GC Ship Time Total Cost Purpose
Recover, Deploy Array 2D 455 K Dispersion Expt., Model Validation
Hydrographic Studies 10 D 130 X Model, Mooring, RAFOS Support
(50 CTD's)
RAFOS (45 Floats & Extra - 375 K Dispersion Expt., Model Validation
Sound Sources)
ODPS 7D 6 K Simulation Studies
Pumping & Chemical 2D 145 X Water Column Nuclides & Scavenging,
Monitoring WBUC Exchange
Sediment Traps - 197 K Scavenging & Horizontal Processes
Radiochenistry - 80 K Scavenging
Radon (6 profiles) - 30 K Test BBL Model Dynamics
BBL - 200 K Model Validation, BBL Escapement
Tritium (250 Samples) - 50 X WBUC-Interior Studies
21D 1668 K
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NARES FIELD RESEARCH PROGRAM

October 1988 FY1989 All in 1985 Dollars
Biology Ship Time Total Cost Purpose
Net Tows 200 K (& Dedicated Model Validation
Ship)
Free Vehicle A4 - - Carbon Model Rates
Carbon Model, Radio- 100 K Validation
activity Model
Validation
Intensive Radio Chemistry - 40 K Organism Radioactivity
7D 340 K
Meeting 25 K

Need large ship.
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NARES FIELD RESEARCH PROGRAM

October 1989

FY1990

All in 1985 Dollars

PO & GC

Recover Array,

Hydrographic Studies
(50 CTD)

RAFOS (Recover Sources)
ODPS

Plumbing and Chemical
Monitoring

Sediment Traps
Radiochemistry
Radon (6 profiles)
BBL

Tritium

Ship Time Total Cost

21/2D 75 K

10 D

21.

5

130 K

120 X

160 K

60 X
240 K
30 K
55 K
20 K

D 1096 K

—Al5-

Purpose

Long Term Variability & Statistics

Model, Mooring, RAFOS Support

Analysis
Simulation Studies

Water Colunm Nuclides & Scavenging,
WBUC Exchange

Scavenging & Horizontal Processes
Scavenging

Test BBL Model Dynamics

Analysis

Analysis of Data



NARES FIELD RESEARCH PROGRAM

October 1989 FY1990 All in 1985 Dollars
Biology Ship Time Total Cost Purpose
Horizontal Varience - 250 X Exploration, Model Validation
In Biological Field
Radiochemistry, Cores - 50 K Model Validation
Radiochemistry, - 15 K Model Validation
Organisms
7D 315 K
Meeting 25 K
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NARES FIELD RESEARCH PROGRAM

October 1990 FY1991 All in 1985 Dollars
PO & GC Ship Time Total Cost Purpose
Recover Mooring 1/3 D 40 X Long Term Variability & Statistics
Hydrographic Studies 3D 40 K Model Support
RAFOS - 75 X Analysis
ODPS - - Simulation studies
Pumping & Chemical - 50 K Analysis
Monitoring
Sediment Traps - 130 K Scavenging Processes
Radiochenistry - 80K Scavenging
BBL - 30 K Analysis
Synthesis of Geochemistry - 50 K Analysis & Reports
485 X
Biology
Synthesis of Biology - 60 X Analysis & Reports
Meeting 25 K
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TABLE 5
NARES FIELD RESEARCH PROGRAM
COST AND SHIP TIME SUMMARY
NOTES:
Have added 7D for Transit Time to each mission.
Have charged 10K/Day for ship days, Add to PO and GC.

Have added costs for meetings to PO and GC.

Fiscal Year Total Ship Days Total PO & GC (K) Total Biology (K)
1986 29 926 375
1987 36 1702 231
1988 39 1453 244
1989 35 2043 340
1990 36 1481 315
1991 10 620 60

Costs in 1985 §.
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NARES ABYSSAL PLAIN SEDIMENT FLUX STUDIES

I. SUMMARY OF FIELD ACTIVITIES (FY85)

Mooring NAP-1.
On 20 Sept. 1984, during cruise EN-121 of the R/V ENDEAVOR, the sediment

trap mooring designated NAP-1 was recovered. The mooring had been deployed
on 15 August 1983, and contained two upward-looking sediment traps (@1463m,
4832m) and one downward-facing trap (@4862m) of the standard 5-cup OSU
design (Moser et al., 1986). The mooring was located in the Nares Abyssal
Plain at 23°12.0'N, 63°58.9'W (bottom depth 5847 meters). The microproces-
sor timer was set to sequence samples every 78 days (cups 2-5). On 28 June
1984, the collector returned to its deployment position (cup 1) where it
remained until recovery (84 days). Although we will present the data for
this last subsample, the quality of the sample is in question because of
potential contamination or loss of material during recovery (see below). A
quantitative recovery of the azide solution (preservative) in cup 1 of the
1463m trap suggests that this sample was probably intact whereas cup 1 on
the 4832m trap was abnormally depleted in azide and probably lost material

during recovery.

These particulate matter samples were analyzed for mass, organic carbon,
nitrogen, phosphorus, calcium carbonate, opal, and other major and minor
elements. Subsamples of these were also provided to Drs. K. Cochran (SUNY)

and H. Livingston (WHOI) for radiochemical analyses.

Mooring NAP-2,
On 21 September 1984 (during the same cruise), another mooring was deployed

at 23°14.5'N, 64°02.1'W with a bottom depth of 5835 meters. This complex
mooring contained 6 upward-looking traps (@720, 1420, 2870, 3785, 4770, 5780
meters) and two inverted traps (@2900, 4800 meters). [This mooring was

successfully recovered on 21 November 1985.]
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Sediments,
During EN-121, a gravity core (GC #1) was collected near the mooring site by

Dr. K. Cochran. We have analyzed subsamples of this core for the same suite
of elements characterized in the traps and these results are also reported

in this document.

ITI. RESULTS - SEDIMENT TRAP FLUXES

A, Bulk fluxes,

The bulk mass fluxes and the chemical fluxes collected by NAP-1 are given in
Table 1A & 1B and the average flux for the deployment is shown in Figure 1.
Also plotted (hexagon) is the average flux for the <37um fraction of par-
ticles collected in the Sargasso Sea near Bermuda at 3200 m depth (Deuser et
al., 1981). The particle flux (and biological productivity) at Nares is
lower by nearly a factor of 2 compared to that near Bermuda. As commonly
observed elsewhere, the flux increases between the upper and lower trap
(Honjo et al., 1982; Dymond and Collier, 1986; Walsh et al., submitted).
This observation is not fully understood but it is probably due to
zooplankton feeding dynamics in the upper water column and deep horizontal
tranport of material from other sedimentary environments. Seasonal
variations in flux range by a factor of 2 and the maximum flux is associated
with high biological production in the spring and summer. Most signals are
seen to covary in the upper and lower traps reflecting the rapid transport

of surface-derived material to the deep ocean.

The bulk flux can be broken down into the contributions of organic matter,
carbonate, opal and terrigenous material (Table 2). These estimates are of
varying quality: CaCOg is actually measured through both Ca and carbonate
carbon; "organic matter" is only crudely estimated based on ash weights and
total organic carbon content. In spite of the inaccuracy of these
classifications, essentially 100% of the particle mass is accounted for by
this method. It can be seen that the flux is approximately 50% biogenic and
5S0% lithogenous. The biogenic component is dominated by calcium carbonate

production and the contribution of opal is very small (and inaccurately

estimated by this method).
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The fluxes of organic carbon and carbonate carbon are shown in Figure 2 and
the mean fluxes for the deployment are displayed in Figure 3. The same
seasonal signal detected in the bulk flux is seen for the individual
components since the biogenic flux generally drives the total flux even in
this low productivity region. However, the large pulse of carbonate and
organic carbon collected in the deep trap, cup 5, was not seen as strongly
in the shallow trap. Since this pulse was also associated with a strong
aluminum input, horizontal transport of recently deposited sediments into
the trap is suggested (see below). Figure 4 demonstrates the dominance of
carbonate productivity in this region. The ratio of organic/carbonate
carbon is seen to be slightly less than 1. This ratio is common to low
productivity environments - e.g. diatom vs. coccolithophorid production -
and regional variations in this ratio are significant to models of the

global cycle of carbon (Dymond and Lyle, 1985).

C. Terrigenous Materials,
The total fraction and net flux of terrigenous components are higher at the

NAP-1 mooring than at any other pelagic site we have sampled. The Al fluxes
(Figure 5) are as much as 2 to 10 times higher than those measured in the
tropical Pacific and there is a significant increase in the flux between the
upper and lower traps. These fluxes are supported by high surface inputs

and by active nepheloid transport processes in the deep Atlantic.

The Nares Abyssal Plain lies directly beneath the trajectory of the famous
Saharan dust storms which transport more than 2 x 10® tons of mineral dust
per year on the NE trades (Prospero and Nees, 1977; Schutz et al., 1981).
Although good deposition measurements do not exist for this open ocean
region, washout models coupled with air concentration measurements from
Barbados suggest an aluminum deposition flux of 20-30 ug/cm?/yr. This is
entirely consistent with the fluxes collected by the upper trap at NAP-1
(Figure 5). The Saharan transport is also seasonal with more than an order
of magnitude increase during the summer. Although this is also roughly
consistent with the timing of the aluminum flux changes in the traps, the
downward transport of this small-diameter terrigenous material is primarily
driven by the production and downward flux of biogenic material (Figure 6;

Deuser et al., 1981). However, because of this strong atmospheric input,
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the covariation of Al and organic carbon is not nearly as tight as that

observed near Bermuda (dotted line on Fig. 6) and there is much more Al

transported.

The deep trap aﬁ NAP-1 collects nearly twice as much Al as the 1464m trap
due to the horizontal transport of sediments from other depositional
environments. This may also be seen by the fact that the variation in flux
(Figure 5) at the deep trap is not as clearly related to the surface
variations. The common terrigenous origin of the aluminum, iron and
silicon in both the upper and lower traps is very clearly demonstrated in
Figure 7. The Fe/Al ratio is 0.55 (*.0l1) and the Si/Al ratio is 3.0 (*.1).
The Fe/Al ratio in the sediment trap material is somewhat lower than that in
the Saharan dust (0.62; Buat-Menard and Chesselet, 1979; Rahn et al., 1979).
This may indicate that some of the Fe (~10%) is mobilized upon deposition
(Rueter and Stallings, 1985) or that the trapped material is largely

resuspended sediments (see below).

D. Upward (Buovant) Particle Fluxes,

The flux of material collected by the inverted sediment trap at 4865m was
very low at the NAP-1 mooring (Table 3). [Notice that the units of the bulk
and elemental fluxes are three orders of magnitude smaller than those for
the downward fluxes given in Table 1.] The buoyant fluxes, commonly
enriched in lipids and other labile organic compounds (Simoneit et al.,
1986), are lower at NAP-1 than those measured at the "EN" and "WN" sites
(Figure 8). This may be a consequence of the lower productivity at this
site which supports fewer abyssal organisms that can produce lipid-rich
particles. The relatively high concentration of Ca in the N-1 inverted trap
may suggest a contribution from benthic foraminifera. There is no apparent
relationship between the downward and upward flux of aluminum (Figure 9) or
between the downward organic carbon flux and the upward bulk flux (Figure

10). This process does not appear to provide a significant upward transport

vector at the Nares site.



rap Fluxes vs., Sediment Composit d Accumu io
The chemical composition of the gravity core from the N-1 site is presented
in Table 4. We can usually gain insight to the rates and types of
diagenetic processes occurring at the seafloor by comparing the flux of
material in the traps to the accumulation rate of the same components in
sediment cores. This is effective in an ideal one-dimensional (vertical)
system but is especially difficult at Nares where significant horizontal
transport occurs. Alternating periods of slow deposition and turbidite
flows occur in the region (Thomson et al., 1984) and the gravity core
collected at NAP-1 shows these rapidly-deposited discontinuities (Cochran,
pers. comm.). Thomson et al. (1984) suggest that both the rapidly and
slowly deposited sections have similar detrital chemical compositions (and
sources?) which allows us to make first-order comparisons between these

sediments and the trap material.

The sedimentation rate derived from the slowly accumulating "red clay”
sequences studied by Thomson et al. (1984) was 0.3-0.7 mg/cm?/yr. This
value is consistent with the range of terrigenous fluxes collected by the
traps (Table 2). At all other pelagic sites studied to date, the flux of Al
in traps matches its accumulation rate in the sediments (Dymond, 1984).

Even though we do not have a valid sedimentation rate for the gravity core
from N-1, we can make sediment flux comparisons with the trap based on the
assumption that the Al in the trap is associated with terrigenous material
and that it is completely preserved in the sediments. In this way, we have
estimated the relatjive accumulation rates of components in the sediment core
and compared these to the fluxes into the lower trap (Figure 11). Elements
falling along the center diagonal are accumulating at the same rate they are
collected by the trap. For the most part, these include the terrigenous
components discussed previously (Fe, Ti, Mg, inorganic P, and Si which is
mostly detrital in these traps). Manganese is accumulating slightly more
rapidly than the flux collected by the trap. This is commonly observed and
is probably due to authigenic deposition of excess Mn from water column and
hydrothermal sources. All other biogenic components are regenerated at the
seafloor such that less than 10% of these phases are preserved (organic

carbon, calcium carbonate, organic P, and Sr).



III. SUMMARY

The sediment trap NAP-1 was successfully recovered and the materials have
been analyzed for a set of bio- and geochemical components. The trap
mooring NAP-2 was deployed and recovered but no analyses have been
completed. The bulk fluxes are relatively low at this site and are
approximately 50% biogenic and 50% terrigenous. The flux of terrigenous
material is very high due to primary atmospheric inputs and horizontal
transport of resuspended sediments. The buoyant particle fluxes are also
extremely low. The accumulation of material in the sediments reflects the

crustal nature of the vertical flux and also shows the normal loss of labile

biogenic phases.
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TABLE 1A. NARES ABYSSAL PLAIN SEDIMENT TRAP FLUXES

(downward, mooring NAP-1)

Total Date Bulk
Depth Cup days cup flux Ccarb Corg N P.r Plnorg Porg Al Ca Fe St
opened mg/cm?/y ug/cmi/y
1464m C2 78 21AUG83 1.118 69.8 92.0 12.3 1.86 1.32 .54 55.7 238.5 30.3 174.2
c3 78 TNOV83 834 49.8 37.4 4.5 .50 .28 .22 29.8 163.6 16.5 96.9
c4 78 24JANBY .626 42.1 32.1 3.9 43 .25 .18 16.8 138.5 9.5 62.7
cS 78 11APRBY .768 52.0 47.8 5.6 .48 .23 .25 16.9 170.0 9.6 70.8
C1 T+84=91 28JUNBY 422 26.2 24,2 2.9 .33 .18 .15 13.1 84.3 7.3 45.6
average flux(C2+C1} .801 47.3 6.0 5.7 A L4y .26 26.0 156.6 4.4 88.6
(C2+C5) .912  53.4 52.3 6.6 .82 .52 .30 29.8 177.7 16.5 101.2
832m C2 78 21AUG83 1.194 57.9 61.7 6.6 .62 .29 .33 50.3 191.6 28.0 164.5
c3 18 TNOVE3 .850 42.6 34.8 4. .46 .23 .23 37.4 143.1 21.0 118.2
(2] 78 24JANBY .806 &1,0 30.7 3.7 .43 .22 .22 35.6 135.9 20.1 111.9
[} 78 11APRBY 1.624 86.0 69.7 8.6 .96 N7 .49 65.4 277.6 36.T 216.5
c1 7+84=91 2B8JUNBY .989 50.4 42.7 k.8 .55 .25 .30 42,4 163.8 24.4 138.2
average flux(C2+Ct) 1.089 55.4 47.8 5.5 .60 .29 )] 46.1 181.8 25.9 149.5
(C2+C5) 1.119  56.9 49.2 5.8 .62 .30 .32 47.2 18741 26.5 152.8
TABLE 1B.
Depth Cup Ba Cu Mg Mn Ni Sr Ti Zn L1 v 1 Br
ug/cm*/yr
164 C2 t.12 .069 13.5 .326 .05 2.1 3.8 .13 .03 .083 .16 S
Cc3 .78 .055 8.2 293 .03 1.8 2.3 07 .02 .055 .11 .20
ch 55 082 5.4 177 .03 1.1 1.1 .ol .01 .028 .10 .20
c5 «63 .043 6.2 172 .03 1.3 1.3 .04 .01 .029 .13 .25
ci <34 .020 3.4 .069 .015 .6 .9 .03 .01 .018 .059 .15
average flux(C2-C1) .67 .oud 7.2 .202 .03 1.2 1.9 .06 .02 .042 A1 .24
(c2-c5) .17 .052 8.6 .282 .04 1.5 2.1 .07 .02 .049 .13 .27
A832m cC2 .98 .11 11.6 .621 .05 t.4 3.3 .08 .03 .087 .13 .26
Cc3 T2 .08 8.4 495 0l 1.0 2.1 .06 .02 .069 .10 .12
ci .71 .08 8.1 .522 .03 .95 2.2 .07 .02 .068 .10 13
cs 1.45 .16 15.5 173 .07 2.05 3.9 R A .04 .13% .22 .42
C1 .86 .094 9.5 .T18 .ol 1.2 2.7 .61 .03 .080 14 .18
average flux(C2-C1) .94 1 10.6 .T07 Ol 1.31 2.8 .03 .087 Bl .22
(c2-C5) .97 A1 11.2 .T02 .05 1.35 2.9 .08 .03 .090 .14 .23
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TABLE 2., NARES ABYSSAL PLAIN - COMPONENTS OF BULK DOWNWARD FLUXES

Bulk fluxes - component estimates

‘mg/cm2/yr
depth cup bulk flux Organic! CaCOg? Opal® Terrig.4 &8
(measured) (estimates -+ )

1464 m C2 1.418 .166 .581 .018 .635 99%
c3 .834 .067 .415 .020 .340 101s
c4 .626 .058 .351 .032 .191 101s%
C5 .768 .086 .433 .052 .193 99%
Ccl 422 .044 .218 .016 .149 101s

4832 m C2 1.194 .111 .482 .036 .573 101s
c3 .850 .063 .355 .015 426 101s
c4 .806 .055 .342 .013 .406 101s
c5 1.624 .125 .716 .054 .745 101s
Cl .989 .077 .420 .028 .483 102%

! Organic matter = 1.8-Corg (Wefer, Suess and Ungerer, 1986)

2 - L]
CaCOy4 8.33 Ccarb

3 Opal = 2.61+(Si - 3.,0-Al) -- subtract out detrital Si.

¢ Terrigenous = 11.4¢A1 -- wusing Al content of local sediments - 8.8%

5 Total bulk flux accounted for by sum of estimated components
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Figure 1. Average bulk particle flux (triangles) collected

by mooring NAP1 (cups 2-5). Dashed lines repre-
send the range of individual cup fluxes. Mass

flux reported by Dueser et al. (1981) from the
Sargasso Sea is also shown for comparison (octagon).
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NARES—I Organic vs. Carbonate Carbon Flux
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Figure 4. Flux of calcium carbonate carbon vs. organic carbon for

all cups. Most of the biogenic particle flux at the
Nares site is associated with carbonate production
(coccolithophorid and foraminifa).

-B17-



NAP-1

8ol Aluminum Flux
sor 1464m
40
«—— NAP
s 20
N
€ 2 3 4 5 1
2
o
3
x
280}
uw
- 4832m
<
60}
«——NAP
40}
20}
2 3 4 5 N D
=%
A s O N D J F M A m J J A S o
83 84
Figure 5. Vertical flux of aluminum at NAP-1l. The average value at

NAP-1 (arrow) is compared with averages in the deep Pacific
(Manop sites M,H,C, and S). The flux at Nares is the highest
pelagic value we have ever measured,
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NARES—]I Organic Carbon vs. Aluminum Flux
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Figure 6. Flux of aluminum vs. organic carbon. The transport of

the fine-grained terrigenous material has been shown to
depend on the biogenic particle flux which settles rapidly
through the water column (Dueser et al., 1981; Dymond,
1984). The relationship seen in the Sargasso (Dueser et
al., 1981) is shown with the dotted line.
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Figure 8. The flux of buoyant particulate matter collected by an

inverted sediment trap at 4865 m depth (squares). For
comparison the significantly higher buoyant fluxes
collected at sites "EN" and "WN" are shown (circles
and triangles).
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NARES—I INVERTED vs. DOWNWARD ALUMINUM FLUX
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Figure 9. The downward and upward flux of aluminum at NAP-1.
The upward flux is < 0.1%Z of the downward flux and
its variations are not related to the downward flux
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Figure 10. The bulk flux of buoyant particles vs. the downward
flux of organic carbon. The upward fluxes at NAP-1
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I. Introduction

This report describes work accomplished during FY 1986 on samples of sea
water, suspended particles, sediment trap material and bottom sediments
collected from the Nares Abyssal Plain. The sample collection during the
September 1984 cruise EN-121 of the R/V Endeavor was described in last year's
report. Our work on natural radionuclides is complementary to Dr. Hugh
Livinggton's studies of artificial radionuclides on the same samples.

The geochemical field program at Nares is designed to provide information
needed for the MkA scavenging model being developed by the Physical
Oceanography Task Group of the Seabed Working Group. The model requires
information on the partitioning of reactive radionuclides between solution and
suspended particles and on fluxes of radionuclides through the water column.
Data on the former are provided through samples taken with an in situ pumping
system. Information on the latter has come from samples from sediment traps
deployed at Nares (designated Nares-1, location 23°16.3'N, 63°55.4'W) by Dr.
Jack Dymond's group at Oregon State University. Box cores and a gravity core
have also been recovered at Nares and enable us to calculate the inventories of
scavenged radionuclides which are present in bottom sediments.

II. Sample Collection and Analysis
A. Water Samples
Water samples were collected by the WHOI in situ pumping system
(Winget et al. 1982) which filters large volumes of water through a Microwynd
1 um polypropylene cartridge prefilter and two identical MnOZ—coated
cartridges. Because the cartridges had been treated with a surfactant to
prevent wetting, they were prepared for the MnO2 by successive soaking in

soap, NaOH and HC1 baths before being placed in a warm saturated KMnO4 solution
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for 24 hours. The latter portion of the treatment is essentially that used by
Moore (1976) for acrylic fibers. Flow rates of water through the cartridges
were 3-8 liters/min and ~2000 1iters were filtered during a typical cast.

Prior to radiochemical analysis, each cartridge was ignited at 450°C in a
muffle furnace for ~24 hours. Radiochemical analysis was performed on the ash,
with initial dissolution and radiochemical separation being done at WHOI for

half the samples and at SUNY-Stony Brook for the remaining half. The ash was

242

dissolved in ~200 m1 8N HNO, in the presence of 229Th, 243Am and Pu tracers.

3
A small amount of NaNO2 was added to ensure that the Pu was all in the +4

oxidation state. The sample solution was passed through a 20 ml anion exchange
column (Biorad AG1x8 50-100 mesh). U, Ra and 241Am passed through the column
while Th and Pu were retained. Th was eluted with concentrated HC1 and Pu was

eluted with concentrated HC1 + NH4I. Subsequent purification of Th involved a

smaller HNO3 anion exchange column. Pu and Am were purified as described in
Livingston et al. (1975). Mounts for alpha spectrometry were prepared by

electroplating the purified Th, Am and Pu fractions in (NH4)2504 solution

(Livingston et al. 1975). Final purification and plating was done at SUNY for

all Th fractions and at WHOI for all Pu and Am fractions. The solution

remaining after the Am separation from the effluent of the first anion exchange

228 228

column contains Ra and has been reserved for later analysis of Ra by Th

in growth.
B. Sediment Trap Samples

Approximately 100 mg of material from seasonal sediment trap samples

210 137

were analyzed for Pb, Th and Pu isotopes and Cs. The sample was

229 243

dissolved in small amounts of HC1, HNO3 and HF in the presence of
242

Th, Am

and Pu tracers. An aliquot consisting of ~5% of the sample was set aside

for 210Pb analysis by 210Po. 208Po tracer was added to this fraction and Po
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was plated onto silver disks following the method of Flynn (1968). Subsequent
separation and plating of the Th, Am and Pu fractions followed the procedure
for the cartridges outlined above.
C. Sediment Samples
Known volumes of wet sediment were dried to determine percent water
and dry bulk density. Subsequent radiochemical analyses followed the procedure
of Livingston et al. (1975) for the artificial radionuclides and of Cochran and

Krishnaswami (1980) and Cochran (1985) for 210 226

Pb, Ra, Th and U isotopes.
Unlike the cartridges and sediment trap samples, different aliquots of the
sediment samples were analyzed for the man-made and natural radionuclides.
This was necessitated by the different sample size requirements for the
procedures (50 g for the artificial radionuclides vs. 0.5 g for the natural
radionuclides) and by the fundamental difference of leaching the sediment in
the artificial radionuclide procedure and total dissolution for the natural
radionuclide analyses.
ITI. Results
A. Water Column Data

The Tow Th isotope activities of sea water make blank corrections
important even for relatively large sample volumes. Blank cartridges
(including ones impregnated with Mn02) vere analyzed by the same procedure used
for samples and the results are given in Table 1. Blank contributions were

241 230 228

Am but not for Th. Higher values for Th and Th

228

negligible for Pu and

232 229

Th are related to small amounts of Th in the Th tracer and

229

relative to

Th tracer peak, which comprises a broad multiple
230 228

to contributions from the

Th and Th peaks. A1l cartridge data were

energy peak lying between the

corrected for these blank values and the results are presented in Tables 2-4.
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Table 1. Polypropylene cartridge blanks.

232Th 2307, 228Th
(dpm) (dpm) (dpm)
Pretreated with soap, .018 .037 .066
NaOH, HC1; loaded with +,003 +.008 +.020
MnO2
Pretreated with soap, .022 .051 . 108
NaOH, HC1; loaded with +,005 +.,004 +,019
.MnO2
Pretreated with soap, .024 .059 .099
NaOH, HC1 +.011 +.002 +.008
Mean t lo .022 .037 .091
+.003 +,.011 +,022
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Table 2. Extraction efficiency of MnO2 cartridge series for Th isotopes

(Nares-1).

Cartridge Efficiency (%)

Volume Flow 232 230 228
Depth Filtered Rate Th Th Th

(m) (2) (2/min)

surface 2315.3 6.4 72.2 87.0 74.9
+4.7 +9.3 1.5
400 1622.5 6.8 - 84.2 90.1
5.6 +5.9
800 1575.3 6.6 - 85.6 87.1
+4.5 +1.6
1464 1234.0 5.1 - 80.0 78.7
+3.2 +3.4
2540 1831.3 7.6 - 86.1 83.4
+1.8 +2.8

3750 1783.0 7.4 - 84.6 84,

+1.9 +1.
5695 1708.0 7.1 - 84.0 77.9
+1.8 +1.4
5785 1064.0 4.3 - 97.5 88.1
1.5 +1.4
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Table 3. Concentrations of Th isotopes on filtered particles and water from

Nares-1.
Depth Part Diss  Total Part Diss Total Part Diss Total
(m) (dpm/10004) (dpm/10001) (dpm/1000%)
Surface .060 .058 .118 .043 .065 . 108 0.90 12.5 13.4
+.005 +.006 +.008 +.006 +.011 +£.013 +.04 0.6 +0.6
400 .007 .007 .014 .034 .176 .210 0.92 9.17 10.1
+,002 +.,003 +.,004 +.,008 +.018 £.020 +.06 +,81 +0.8
800 .010 . 007 .017 .062 .201 .263 0.41 1.33 1.74
+,003 +.002 +.004 +.009 +.018 +.020 +.03 +.07 +.08
1464 n.d. n.d. - .032 .496 .528 0.134 0.851 .985
+,010 +.,041 +.042 +.011 +.068 +.069
2540 .013 .008 .021 .080 .538 .618 0.164 0.601 .765
£,002 +.002 +.003 +.009 +.030 +.031 +.016 +.040 +.043
3750 n.d, .013 .013 .039 .716 .755 0.074 3.49 3.56
+,003 +.004 +.007 +.049 +,049 +,014 +.21 +.21
5695 .017 .020 .037 .123 .641 .764 0.51 8.19 8.70
+.002 +,003 +.004 +.011 +.036 +.038 +.03 +.40 +.40
5785 .031 .020 .051 . 256 .784 1.04 0.73 9.47 10.2
(8-60) +,006 +,008 +,010 +.024 +.103 .11 +,05 +1.03 +1.1

n.d. - not detectable
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Table 4. Fraction of Th isotopes collected on 1 um cartridge prefilters

(Nares-1).
232Th 230Th 228Th
Depth (m) % Part. Cp/Cd % Part. Cp/Cd % Part. Cp/Cd
surface 51 1.0 40 .66 7 .072
+6 +7 +.4

400 50 1.0 16 .19 9 .10
+20 +4 ‘ +1

800 59 1.4 24 .31 24 .31
+22 +4 +2

1464 - - 6 .06 14 .16
+2 +2

2540 62 1.6 13 .15 21 .27
+13 +2 *2

3750 - - 5 .05 2 .02
+1 +4

5695 46 .85 16 .19 6 .06
+7 +2 4

5785 61 1.6 25 .33 7 .08
+17 +3 +1

Mean .24 .13
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The activity of "dissolved" radionuclide is calculated from the activities

on the two Mn0, cartridges according to eq. 1 (Mann et al., 1984).

2
. 8 (1)
E = 1 - A
Where £ = efficiency of chemical extraction of Th or Am from solution
B = activity on the second cartridge
A = activity on the first cartridge.
The efficiencies are given in Table 2. The value of B for 232Th is in

most cases close to the blank value making the efficiency subject to large
uncertainty. The exception to this pattern is in surface water, in which the

232

dissolved Th activity is significantly greater than the blank value. Values

230

calculated for the efficiency for Th, 228Th and 241Am are generally greater

2301 and 2287h, agree well with each other. This is a

than 80% and, for
sensible result in that both thorium isotopes should behave chemically alike
with respect to adsorption onto Mn02.

The high values of the efficiency suggest that the in situ pumping system
is an effective way to remove Th and Am from large volumes of sea water. It is
interesting that Table 2 shows no clear correlation with flow rate and that
flow rates as great as ~8%/min produce high extraction efficiencies.

The activity of radionuclide on suspended particles is calculated from the
prefilter as "dpm/& water filtered". Because of the nature of the cartridge

filters it was not practical to pre-weigh the filters and determine the mass of

particles filtered. Dissolved activities were calculated from:

Dissolved activity = —fAV— (2)
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Where A

activity on first MnO2 cartridge

E

chemical extraction efficiency (eq. 1)

v volume filtered.

These data arevgiven in Table 3, and are plotted in Figs. 1-3, together
with total activities calculated as the sum of the activities on the
prefilter and in solution. We emphasize that our notation of "dissolved" and
"partigu]ate" activities are operational and are based on the 1 um prefilter
used. Unpublished data comparing a 1 um cartridge filter with a 1 um membrane
filter (Livingston, pers. comm.) suggest that the former is more effective in
filtering particles from sea water than is the latter. Thus it seems Tikely
that the higher tortuosity of the cartridge filter is responsible for filtering
particles of somewhat smaller diameter than 1 um.

Using our operational definition of dissolved and particulate activities,
the fraction of Th associated with filterable particles (calculated as % of
total) is given in Table 4. Also given is the ratio of the activity on
particles to that in solution. This latter value is of use in calculating
scavenging rate constants for Th. (See discussion below).

B. Sediment Trap Data

Radionuclide activities in sediment trap material are given in Table
5 and activity fluxes, calculated from the specific activities and the bulk
mass fluxes, are presented in Table 6. The specific activity is essentially
constant with time at any depth despite variations in the bulk fluxes and
variations in activity fluxes are thus produced by variations in bulk fluxes.
This latter relationship is well demonstrated by Figs. 4-6.

C. Sediment Data

The gravity core data from Nares-1 are presented in Table 7 and

230

Figure 7. Excess Th is observed throughout the 170 cm core but the values
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Table 5. Activities of Th isotopes and Pb-210 in Nares-1 sediment trap samples
(23°16.3'N, 63°55.4'W, recovered 9/20/84).

Depth Cup ntemval 232p, 230y, 2281y, 210p,,
(m) (days) dpm/g

1464 1 91 0.85:¢.19 3.13+.42 27.6+2.5  179:14
2 78 0.45:.06 3.98:.39 33.4:2.4  206:14
3 78 0.98+.14 3.45:.32 25.9:1.7 26721
4 78 1.46+.21 4.09+.42 33.3:2.4  260:20
5 78 0.93+.09 2.87:.18 31.9:1.3 23121

4832 1 91 1.51:.11 8.02¢.36 29.3:1.1 454129
2 78 1.41:.11 7.83:.35 23.8:0.9 438433
3 78 1.51:.13  9.22+.45 25.8+1.1 388225
4 78 1.73:.22  10.2:0.8 27.5:2.0 49931
5 78 1.46+.21 10.6:.9  31.1:2.4 46530
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Table 6. Th isotope and Pb-210 fluxes at Nares-1
(23°16.3'N, 63°55.4'W, recovered 9/20/84).

232 230;,, 228

210

Mass Flux Th Th Pb

Depth (m) Cup (mg/cm2y) dpm/cm2ky dpm/cm2y
1464 1 425 .36 1.33 11.7 .076
2 1.431 .64 5.70 47.8 .295

3 .839 .82 2.89 21.7 224

4 .630 .92 3.43 27.9 .164

5 773 .72 2.22 24.6 .179

Mean Annual Flux .807 .68 3.06 26.3 .184

4832 1 1.003 1.51 8.04 29.4 .455
2 1.207 1.70 9.45 28.7 .529

3 .852 1.29 7.86 22.0 .331

4 .809 1.40 8.25 22.2 .404

5 1.639 2.39 17.4 51.0 .762

Mean Annual Flux 1.10 1.65 10.1 30.6 .495

*Production from decay in water column
@1464 = 3.8 dpm/cm?ky
@4832 12.6 dpm/cm2ky

nu
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are low and the variation with depfh is irregular. MWater content values are
also low for pelagic sediments and dry bulk densities are correspondingly
large. The data are consistent with the presence of turbidite sedimentation in
the Nares area (Thomson et al. 1984) and sediment accumulation rates cannot be
reliably determined from Fig. 7.
IV. Discussion

A. Thorium Isotope Profiles

The thorium isotope profiles (Figs. 1-3) reflect the sources of each

232

isotope to the oceans. Th is not produced in situ but is added to the

oceans by rivers and the atmosphere. Most of the 232Th in sea water is

232

associated with particles and dissolved Th at Nares is <.02 dpm/1000 kg.

232

This result is in agreement with Huh and Bacon's (1985) measurements of Th

in the Caribbean. A notable exception to this pattern is seen in the surface

waters where the dissolved 23e

232

Th is as great as 0.2 dpm/1000%. The dissolved

Th seems to vary with location and is greater at the Hatteras E-N3 low level

232

site than at Nares. The pattern of high dissolved Th in surface waters also

was observed by Huh and Bacon (1985). Both riverine and atmospheric sources

232

undoubtedly contribute Th to the surface ocean, with the former more

important than the latter. Both the Hatteras and Nares sites show that

232

dissolived Th is rapidly removed from the surface ocean with values

decreasing by about an order of magnitude between the surface and 400 m. At

232

depth in the water column the Th profiles show variations which are related

to advective transport and to resuspension near the bottom. These features are

232Th maxima at 700 and 4000 m at Hatteras and near

232

apparent in the particulate
the bottom at both sites. The increase in near-bottom particulate Th is

probably related to resuspension or near-bottom sediment transport, a process
which is more active at Hatteras than at Nares (for example see sediment trap

data from Cochran and Hirschberg, 1984).
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Table 7.

Radiochemical data for Nares sediments.
Core GC-1 (23°12.0'N, 63°58.5'W)

Dry bulk 230
Depth 1in density Thxs
core (cm) (g/cm3) 238U 234U 232Th 230Th 230ThXS —?3?;;—
(dpm/g) (dpm/dpm)
6.5-8.5 0.78 1.62 1.47 3.72 7.98 6.51 1.75
. +,30 +.,32 +.,24 .10 +.34 +.15
19-21 0.91 1.64 1.78 3.19 4.47 2.69 0.84
+,38 +.36 +,14 +.10 +.37 +.12
29-31 0.92 1.62 1.30 3.24 .21 3.91 1.21
+,38 +,47 +,38 .20 +.51 .21
39-41 0.95 1.75 1.45 2.99 3.70 2.25 0.75
.31 +,37 .39 +.29 +.47 +.18
57-59 0.72 1.57 1.65 3.71 5.73 4.08 1.10
+,23 +,23 +.44 +,26 +,35 +,16
74-76 1.07 1.74 1.82 2.40 3.02 1.20 0.50
+.31 +.30 +.19 +.15 +.34 +.15
87-89 0.65 2.13 1.84 4,49 6.59 4,75 1.06
+.21 +,22 +,16 +.10 +,24 +.,07
97-99 0.87 2.25 2.23 3.09 8.28 6.05 1.96
+,16 .16 +,24 +.06 +.17 +.16
117-119 1.10 1.46 1.38 2.52 2.13 0.75 0.30
+,32 +.39 +,16 +.20 +.44 +,18
134-136 1.22 1.42 1.19 2.62 2.31 1.12 0.43
+,36 +,48 .15 +,39 +.62 +,24
150-152 0.69 1.66 1.35 3.17 3.25 1.90 0.60
+.31 +.35 +,25 +,23 +.4?2 +.14
166-168 0.78 1.60 1.36 3.27 4.67 3.31 1.01
+.37 +.49 +.16 +.10 +,50 +.16
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Figure 7. Excess 230Th activity vs. depth in gravity core GC-1
from Nares-1.
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Unlike the Pacific Ocean (Nozaki et al. 1981) there is no well defined increase

in dissolved 232Th near the bottom at our Atlantic sites. Instead the

232Th seem strongly linked to particulate gradients.

230

gradients in

232

Unlike Th and 228Th are both produced in situ from decay of

234

Th,

228

soluble U and Ra, respectively. Their distributions (Figs. 2-3) reflect

228Th is greatest in the near surface and

228

these sources. The production of

near bottom waters where the activities of Ra are greatest. Indeed, the

228

surface activity of Ra decreases strongly away from the continental shelf

(Broecker et al. 1973) and this, rather than variations in the 228Th removal

rate in surface waters, is probably the explanation for the greater surface

228 232

Th activities at the Hatteras site (E-N3). Because Th activities of

bottom sediments are similar at the two sites at Hatteras the bottom source of

228pa should be similar and this is reflected in the comparable near-bottom

228

activities of Th.

230Th is uniform throughout the water column and is in

230

The production of

part responsible for the shape of the Th profile. Dissolved and particulate

230Th generally increase with depth to highest values near the bottom. The

increase is not, however, monotonic, and exceptions occur as in the surface

230

water at Hatteras and the local particulate 230Th maximum-dissolved Th

minimum at 4028 m at the same station. The latter coincides with a maximum in
particulate 232Th data and may be an advective feature. The 230Th data do

display significant differences from those of Nozaki et al. (1981) in the North

230

Pacific. These include generally lower total Th activities in the Atlantic

(51 dpm/1000 kg vs 2 dpm/1000 kg) and activities which are nearly constant

(~0.6-0.7 dpm/1000kg) below ~2000 m. Increases in total 230Th near the bottom

230

are largely linked to increases in particulate Th, possibly related to

resuspension. Our 230Th profiles at Hatteras and Nares are similar to that of
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Bacon (1984) near Bermuda, so the features we observe seem to be general ones
of the northwest Atlantic. In the opposite sense, lower 230Th activities are
observed in oceanic margin regions such as the eastern Atlantic (Mangini and
Key, 1984) and Panama Basin (Bacon and Anderson, 1982).

B. Scavenging of Th Isotopes

| Nozaki et al. (1981) and Bacon and Anderson (1982) have shown that

230Th with depth is

the general increase in particulate and dissolved
consistent with a vertical scavenging model in which sinking particles
progressively accumulate 230Th as they sink but also maintain a sorption
equilibrium with the solution. This approach is less valid in areas of the
ocean in which isopycnal transport is occurring, and we have already suggested
the possibility of such features in the Th profiles. However, sediment trap

results (discussed further below) show that ~80% of the 230

Th produced in the
water column at Hatteras or Nares is recovered in the traps, indicating that
vertical processes are also quite important at these sites.

Assuming that the interactions between Th in solution and on particles is

first order with respect to the Th concentration gives the equation:

dC
P k1Cd - (x+ k2)Cp (3)
dt
Where k, = rate constant for adsorption (y'l)
k2 = rate constant for desorption
A = decay constant
Cp = activity on particles (dpm/volume solution)
Cq = activity in solution (dpm/volume solution)
At steady state, C
CE - 1 (4)
d A +k2
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and for long lived radionuclides such that k2 >>h,
5.y
d 2

The rates Cp/Cd is related to the commonly measured geochemical distribution

coefficient (Kd) as:

K C_/C (6)
d _ 7p'd
Where P = concentration of particles (g particles/cm® solution).

Because the Th isotopes have markedly different half-lives, it is possible

to determine k, and k2 uniquely. This approach has been used successfully by

1
Bacon and Anderson (1982) for 2307, 4nq 234 230

228

Th. For 23%Th and 2%81h, eq. 4

Th should be less than or equal to that
228 230

implies that the ratio of CP/Cd for

or 230

f Th. Indeed, combining eq. 4 for Th and eq. 5 for Th produces:

(C/Cqdazg = (1+1228) (C /C4)ypg (7)
k
2

230

Values of Cp/Cd for Th and 228Th are tabulated in Table 4 and show that

<

(c /c)) ~ (Cc_/C)) for surface and near-bottom water. Contrary to
p/“d’ 228 p’/ “d’230

prediction, the relationship is reversed for mid-depths. A possible

explanation for this feature is that whereas 230Th is produced throughout the

water column, 228Th production is quite low at mid-depths due to the very low

228 228

Ra there (Moore et al. 1985). Thus the Th in solution at mid-depths is

almost completely derived from release from sinking particles. 2301h in

. 4
solution at mid-depths is derived both from sinking particles and from 234
decay in solution.

Applying eq. 7 to depths below ~4000 m yields values for k1 of .01-.04 at

Nares and .06-.51 at Hatteras and values for k2 of .12-.24 at Nares and .10-1.5

-C28-



at Hatteras. The generally higher values at Hatteras may reflect more rapid
scavenging due to a better developed bottom nepheloid layer at that site.

230

Values of Kd may be calculated from the Cp/Cd ratio for Th and Table 8

shows these results. The values were calculated assuming a suspended particle

239,240Pu

concentration of ~10 ug/1. Also included are Kd values for 241Am and
calculated from Dr. Hugh Livingston's data. Th is characterized by a high Kd
and the value for Am is similar. Both elements are distinctly more reactive
than Pu. This sequence is consistent with the strong retention of Am and Th on
the MnO2 cartridges but only weak uptake of Pu.

C. Sediment Trap Activities and Fluxes

The sediment trap data given in Table 5 show that the specific

activity of the radionuclides measured is nearly constant in trap samples
collected at any given depth. This is so in spite of variations of a factor of
2-10 in bulk mass fluxes over time. Thus the activity flux is controlled by
the bulk flux as shown for the two Nares traps in Fig. 6. A similar
observation was made by Hugh Livingston for Am and Pu and by Bacon (1985) for
trap samples from a station near Bermuda.

The specific activities of the sediment trap material also change in a

sensible way with depth. 230Th and 210

Pb activities increase as sinking
particles continue to pick up these radionuclides which are produced throughout
the water column. For the two Nares traps, the relative lack of change in

228Th activity reflects the fact that these traps are out of the surface zone

of high 228Th production. Particles sinking from 1464 m to 4832 m are picking
up little additional 228 Th from sea water.

A check on the ability of the traps to collect the particulate flux is
provided by the measured fluxes of 230Th. We know from the water column data

that this isotope is almost completely scavenged from sea water and we also
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Table 8. Kd values for Am, Pu and Th isotopes.

“Nuclide cp/cd1 Ky’

Nares (Nares-1)

230y, .24 2.4 x 10/

2287y, 13 1.3 x 107

241 .065 6.5 x 10°

233,240, .016 1.6 x 10°
Hatteras (E-N3)

2301, .24 2.4 x 10’

2285y, .19 2.0 x 10’

24l .10 1.0 x 10

239,240, .009 8 x 10°

1 Ratio of particulate (1 um cartridge filter) to dissolved

radionuclide. Am and Pu data are from Dr. Hugh Livingston
(WHOI).

Calculated using particle concentration of 10 ug/kg
measured by Dr. Jack Dymond.
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234

know its rate of production from U decay. As shown in Table 6, the traps

230

recover about 80% of the Th removed from sea water. If this removal is by

vertical processes at the trap site then the traps are ~80% efficient at

230

collecting the particulate flux. Alternatively some of the Th may be

transported horizontally and removed at sinks distant from the Nares Abyssal

230

Plain as suggested by Anderson et al. (1983). A final check on the Th

balance at the Nares site is provided by comparing the trap fluxes with the
230Th accumulation in the sediments there. The extensive emplacement of
turbidites at the site prevents this comparison, however.

The observations of 1) nearly complete scavenging of 230

Th by the large,
rapidly settling particles, 2) the constant specific activity of those
particles and 3) the direct relationship between the activity flux and bulk
flux can be explained by a two stage scavenging mechanism involving small
suspended particles and large settling particles. Reactive nuclides become
associated with the suspended particles by the sorption mechanism discussed
earlier. The specific activity of these particles {not determined in our work)
is set by the Kd of the radionuclide and the concentration of particles. These
small particles and associated radionuclide are removed from the water column
by incorporation into large rapidly sinking particle aggregates and this
process may occur biologically through grazing and fecal pellet production or
physically through the collision of large particles by small ones (McCave,
1984). If the large particles do not take up reactive radionuclides directly
from solution do so but only through the incorporation of small particles, the
specific activity of the large particles should remain constant at any given
depth (provided each "large" particle incorporates a fixed amount of "small"
particles). The greater the flux of large particles, the greater the uptake of

small particles and thus the greater the flux of reactive radionuclides. This
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scheme represents a modification of the MkA geochemical model in that the large

particles seem to be serving only as collectors of small particles rather than

sorbing radionuclides directly. It is important to note however that large

particles such as tests or tissue may incorporate radionuclides as the

particles form in surface waters. Such incorporation would not be seen with

230Th which is produced mainly at depth.
D: Sediment chronologies

2307, geterminations on the long

Figure 7 shows the results of excess
(~1.8 m) gravity core taken during the 1984 cruise to Nares. The data do not
show regular decreases with depth but instead show alternating zones of high
activity and Tow activity. No meaningful accumulation rate can be derived from
these results and the data are similar to those of Thomson et al. (1984). The
irregular 2307, gecreases observed by Thomson et al. (1984) in cores from the
Nares area led them to conclude that turbidite sedimentation strongly affects
the stratigraphy of the site. We concur in that conclusion and find that as
much as 170 cm of sediment must have been deposited relatively rapidly, perhaps

in series of turbidites separated by poorly defined periods of pelagic

sedimentation.
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Introduction

In the pasf year, the major effort has involved analytical work on
samples collected in the water column at the Nares Abyssal Plain study site
for the Subseabed Disposal Program. These samples included large volume
water samples, large volume filtered particulates and soluble phase concen-
trates collected by in-situ electrical pumps and sediment trap samples col-
lected at the Nares-1l mooring in Dr. J. Dymond's traps. In addition, further
radiochemical analyses were completed of the Nares sediment cores for which

Pu, 137Cs and 210Pb data were reported last year. New data for surficial

241Am concentrations were obtained.

All of these data describe in a comprehensive (albeit incomplete) man-
ner, the distribution of fallout transuranics and 137Cs in the water column
(including particle-associated phases) and sediments at the Nares site.
Their significance to the Subseabed Disposal Program is that they define
several of the parameters necessary to build a geochemical scavenging com-
ponent into the physical modelling effort of the program. These parameters
are not restricted to the specific nuclides involved. Together with the
natural series nuclides (Th and Pb) studied by Dr. J. K. Cochran at S.U.N.Y.,
the suite of nuclides studied span a range of chemical reactivities with
respect to scavenging, and in many instances are critical radionuclides in
high level waste forms - or represent very close chemical relatives of crit-
ical nuclides. So the data set will be applicable to the selection of geo-
chemical modelling parameters which are realistic and based on real oceanic
measurements as opposed to laboratory experiment extrapolations.

A recent, and somewhat surprising, development in the application of
bomb fallout nuclide studies at the Nares site to the Subseabed Program, is
in applicability of these measurements as deep water tracers of the inter-
action of the deep Western Boundary Current with the deep gyre interior at
the Nares Site. As this interaction is a key component of the deep mixing
processes responsible for dispersal of a waste signal introduced to the .
bottom water in the gyre interior, tracers which can set constraints on the
rates of such processes will provide a highly relevant input to the deep

circulation modelling effort. For several reasons, these fallout nuclear



measurements will be a highly significant addition to the set of tritium
measurements planned to study the boundary current/gyre interior interaction.
Firstly, our measurements of a deep water atmospheric advective tracer signal
at the Nares site in 1984 represent the earliest unequivocal detection of
such a signal there. Secondly, new techniques of measurement of a deep

137Cs signal offer the potential for detecting low level tracer signals at
sensitivities one to two orders of magnitude greater than have been used to
date. This potential could be used to define the deep tracer distribution
in the Nares region with significantly increased precision than will be

possible from the tritium measurements.

Fallout Nuclides in the Water Column at Nares-1l

1. Large Volume Water Samples

A general description of the distribution of fallout tracers in the
water column et the Nares Abyssal Plain site comes from radiochemical analy-
ses of the 60-liter samples collected with Niskin bottles on ENDEAVOR-121
cruise in September 1984. From these samples we have completed analyses for
137Cs and 239,240

be compared with the distribution of the various water masses which they

Pu (and a limited number of 9OSr analyses). These data can

characterize and are a basic data set to which the associated data on acti-
nide associations with both fine and large particles are referenced. The
radiochemical results are listed in Table 1 together with their associated
hydrographic data. The depth distributions of the two radioelements are
plotted in Figure 1. The major fraction of the inventories of both radio-
elements is in the water masses of the upper water column, i.e. above the
deep water. 21% of the total 13705 and 31% of the 239,240 137

deep water. This distribution argues for advective supply of the deep Cs
239,240

Pu is in the
tracer and of much of the Pu. The importance of this, as far as geo-
chemical scavenging of Pu is concerned, is that its advective supply to the

deep water is substantially more than the supply in association with sinking

particulates.
Since this conclusion rests heavily on the reliability which can be
attached to the determination of the deep 137Cs signal, independent evidence
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of the existence of a deep advective atmospheric signal was sought. Firstly,
comparison of the temperature and salinities measured in the large volume
Niskin samples with T-S characteristics of the Nares site - both measured in
1984 and historically - showed that no contamination of the samples with
shallower, high tracer water had occurred. Secondly, 9°Sr measurements were
made on some of the ENDEAVOR-121 deep water samples. As a fallout tracer
with low particle reactivity, its presence in deep water would be clear con-
firmation of an advective supply. To facilitate the precision of the mea-
surement of the very low concentration expected, the strontium isolates from
the five deepest samples were combined for radiochemical analysis. The pre-
liminary result of this analysis is a mean concentration of 0.8 dpm/100 Kg.
This value seems consistent with the range of deep 137Cs values in Table 1
(given the fallout 137Cs/908r ratio of 1.5).

A further piece of evidence which adds confidence to the detection of a
deep advective signal comes from inspection of deep tritium values reported
in the region from TTO samples collected in 1981 (Ostlund, University of
Miami, Tritium Laboratory, Data Release #81-35). The distribution of a deep
tritium signal in water of Western Boundary Undercurrent origin is confined
to positions nearer the exterior of the gyre, near the Antilles Arc. The
deep tritium data in the interior in 1981 - at the Nares study site - are
represented by ITO Station 24 and are plotted in Figure 2. Only one sample,
at 4584 m, contained enough tritium to be distinguishable from zero. To
compare our measurements of deep 137Cs concentrations to tritium, it is
necessary to apply an appropriate conversion. Referenced to 1981, a ratio
of 6 was used for the ratio 137Cs {dpm/100 Kg)/TIritium Units (81 TU). This
number characterized 1972 Greenland Sea Deepwater (GEOSECS Data Reports) and

Denmark Strait Overflow in 1972 (Livingston et al., J. Geophys. Res. 90, 6971

(198S)). As such, it seems an appropriate value to use for water advected to
the south by 1984. The solid circles and line in Figure 2 represent our 1984
137Cs data at Nares converted to tritium. Although the uncertainties in the
data are not trivial, it seems clear that the average values in the deep
water below 3000 m are elevated over those seen in 1981 but at a level con-
sistent with that observed in 1981 at 4584 m. We plan further work on the

1985 cruise to confirm further, and document, this deep signal.
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The data for the upper part of the Nares water column fallout tracers
show two subsurface maxima - one in the 0-1000 m range and one in the 1000-
2000 m range. The shallower maximum is clearly the expression at the Nares
site of the tracer maximum at this density in the Sargasso Sea for Subtropi-
cal Mode water described by Jenkins (J. Mar. Res. 38, 533 (1980)). The
deeper maximum, though usually associated with Mediterranean water, is
believed by Jenkins to derive its tracer properties from a more northerly
source. Certainly it is possible to produce its properties by suitable mix-
ing of Labrador Sea water with Mediterranean outflow water from the eastern
North Atlantic basin.

When the 137Cs and Pu profiles in Figure 1 are compared, there is no

immediate sense of Pu transport relative to 137Cs - except for the slightly
deeper Pu maximum in the upper 1000 m. Knowing the fallout 239’240Pu/137Cs
ratio (0.019 referenced to 1984), it is possibly to convert the observed 137Cs

239’2‘0Pu if no preferential geo-

distribution to that which would obtain for
chemical vertical transport were taking place. In Figure 3 the solid line is
the plot of such a conversion. The measured values lie at substantially
lower values in the upper 700 m indicating that scavenging has removed a
substantial fraction of the upper ocean inventory. It is not clear from the
limited data set whether this deficiency is balanced by an excess between

700 and 2000 m, although the 1464 m measured value does indicate an excess
over the converted 137C8 value. What does seem clear is that the defic-
iency is not transferred to the deep water as the deep water Pu inventory
only marginally exceeds that obtained by conversion of the 137Cs inventory.

This conclusion means that advection is being proposed as the major

supply of 239’240Pu to the deep water - together with 137Cs and similar
tracers. Arguments can be advanced which support this proposition by com-
239,240 137

paring the relative amounts of Pu and Cs in the deep water with
those which would characterize the advective source waters. Denmark Strait
overflow water sampled in 1972 at GEOSECS 11 was characterized with a mean
239'z‘opu/nTCs ratio of 0.017 decay corrected to 1984 (Livingston et al.,
WHOI Tech. Rept. 85-19). Deep water sampled in 1980 close to the Western
Boundary Undercurrent off Cape Hatteras had a mean ratio of 0.018 - from data

from a station at the EN-2 site of the low-level waste ocean disposal program
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(Livingston et al., 1983 Annual Report, Sandia Labs). The mean value in the
deep water at the Nares site is 0.023. The fact that this value is only
slightly greater than those which could be viewed to characterize the source
water which is being advected into the gyre interior at the Nares site, sug-
gests very strongly that vertical transport need account for a minor fraction
of the deep Nares Pu inventory. As was indicated last year, the Nares sedi-
ments contain extremely low levels of fallout Pu and thus do not represent a
sink for the upper water column deficiency. It seems, therefore, that the
scavenging and vertical transport of fallout Pu is chiefly taking place in

the main thermocline at present.

2. In Situ Pump Samples
a. Total 24lam analyses
The very large (1000-2000 liter) samples obtained using our wire

mounted, electrically-powered pumping systems permitted the analyses of nuc-
lides associated with the filtered fine-particle phase and those in the sol-
uble phase collected by the Hno2 chemisorbers in series behind the filters.

In addition to the Th isotope data reported by Dr. J. K. Cochran, we have

239,240 241

completed analyses for Pu and Am in the particulate phases and of

241Am in the soluble phase (Pu is not efficiently collected by this chemi-
sorber). These results are listed in Table 2.
The total 241Am concentrations represented by the sum of the filtered

and soluble phase concentrations are plotted in Figure 4 for comparison with
the 239,240

of 241Am is by radiogenic ingrowth of its parent 2“Pu decay. Accordingly,

the general shape of the 241Am profile broadly resembles that of 239’240Pu.

Pu data obtained from the Niskin bottle samples. The production

Closer examination of the data reveals evidence of the effects of higher

scavenging rates for 241Am compared to 239,240

cle affinity. By 1984, 24lPu decay in global fallout debris can be shown to

have generated 2*lAm to the extent that the 2*lam/23%:240

0.29 if no external geochemical fractionation was in effect. If Am and Pu

Pu - due to its greater parti-
Pu ratio would be

had identical particle reactivities, the oceanic 2‘1Am profile would equal

that of Pu multiplied by 0.29. 1In Figure S this hypothetical 241
239,240

Am is pro-

duced from the measured Pu data and shown by the solid line. The
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measured values in the upper water column lie at lower values than the non-
fractionation predicted values. This shows that active differential scav-
enging has occurred transferring 2uAm more rapidly to deeper water. The
sample spacings are not sufficient to identify the location of this scavenged
2“‘Am. It seems clear that the deep water contains insufficient 241Am in
excess of that associated with in-situ ingrowth; so, as with the scavenging
of Pu discussed above, it seems probable that the upper water column defic-
iency must be balanced by an excess in the lower part of the main thermo-
cline, i.e. at intermediate depths between 800 m and the upper deep water
boundary. The sediment data reported later in this report show no evidence
of the sediments being a sink accumulating enough 241Am to balance the upper
layer deficiency. So again, the geochemical scavenging of both fallout
transuranics seems chiefly restricted to the upper water column over the
timescales represented by fallout tracers.

b) Transuranics on filtered particulates

239'Z‘OPu and 2‘1Am measured on

Table 2 lists the concentrations of
the fine-particle samples collected by filtration on the 1 um polypropylene
wound-fiber filter cartridges used in the in-situ pump systems. The depth
profiles of these nuclides are plotted in Figures 6 and 7. Also shown are
the comparable data obtained on the same cruise at the EN-3 study site at
the Hatteras Abyssal Plain. Both transuranics show particulate profiles like
those of the total concentrations, but at very much lower concentrations.
Given moderately uniform concentrations of suspended particles, the partition
between soluble and particulate phases seems correspondingly uniform for each

radioelement - though different between them in line with the greater parti-
241
Am.

41

cle reactivity of
The partition of 2 Am observed at Nares is marginally less than

observed at the Hatteras Abyssal Plain site. For the subsurface waters the

mean ratio for the particle/dissolved concentration was 0.065 at Nares com-

239'2‘0Pu, the mean value at

pared with 0.096 at the Hatteras site. For
the Hatteras site was 0.010. This may be a more meaningful estimate of the

Pu partition, as the mean value at Nares of 0.016 is based on fewer measure-
ments and biased by the high value (but high uncertainty) at 5785 m. At the

very low concentrations involved, it seems better at present to use the
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Hatteras value as the best estimate for North Atlantic Gyre water columns.

241

The difference between the mean 4 Am values may reflect higher suspended

particle concentrations at the Hatteras site. Certainly the large particle
fluxes are higher there and it seems likely that this difference could well

be associated with a corresponding fine-particle concentration difference.

239,240

The very low degree of particle association noted for Pu is

consistent with the conclusion above that little vertical transport of

239’240Pu from the upper to the deep water layers has taken place at the

Nares location since the arrival of fallout nuclides in the ocean. Advection
is again the dominant process. The higher particle association characteris-

tics of 2‘1Am leads to the greater expectation of vertical transport to

the deep water being detectable. The precision of the deep water 2‘1Am
data are not quite sensitive enough to resolve this question. However, the

mean concentrations of both 241Am and 239,240

Pu in the deep waters at the
Hatteras and Nares sites, 0.009 and 0.025 dpm/100 Kg respectively, give a
241Am/239’240Pu ratio of 0.36. This exceeds the value of 0.29 for unfrac-
tionated fallout and may well reflect some vertical transport of 2“Am pref-
erentially to deep water.

3. Sediment trap samples

Radiochemical analyses have been completed for transuranic nuclides
on the seasonal series of settling particulate samples collected in the
upward facing traps at 1464 m and 4832 m on the Nares-1 mooring. The concen-

239’240Pu and 2“Am in the particulates are tabulated in Table 4

trations of
and plotted in Figure 8 by collection interval. The collection interval num-
bers refer to the fractions collected in the time series of cups which rotate
under each trap. The final interval (#5) is recovered unsealed and is sus-
ceptible to material loss or contamination during recovery. This cup is also
open for the first eight days of deployment.

The 239,240

over the first four collection intervals. The final interval concentrations

Pu concentrations in both traps show remarkable uniformity

are systematically lower than the others. Given the open nature of this
collection during recovery, this suggests that it may be the result of an
artifact - such as dilution with low activity material from the near surface

water column. The four collection intervals span a time interval of almost



11 months beginning in late August and roughly correspond to fall, winter,

241
e

spring, and summer seasons. Th Am concentrations follow a similar

239'240Pu with systematic low values from the final

pattern to those of
collection interval. There is a slight departure from the uniformity of the
observed concentrations in the third and fourth intervals - with the 1464 m
trap showing slightly higher values than the 4832 m trap.

The similarity of the radionuclide composition and mass fluxes at the
two trap depths is suggestive of limited transformation on the nature of
sinking particles as they move from the lower thermocline towards the bottom
waters. Given the much lower concentrations of transuranics on suspended
particles in the deep water compared with those in the main thermocline, any
significant disaggregation/aggregation which accompanies the sinking of large
particles would tend to reduce the nuclide concentrations in the particles
collected in the deep water. Since this is not observed, it may be that
there is little 'exchange going on over these depth ranges.

The transuranic fluxes at the two trap depths are tabulated in Table S
and plotted in Figure 9. Both the mass flux and the nuclide fluxes from the
final collection interval (open during recovery) are systematically low and
material loss during recovery cannot be eliminated. Accordingly, the mean
annual fluxes in Table 5 are averages of the four seasonal traps only. There
does not appear to be any strong seasonal variability in the nuclide fluxes
correlated with surface productivity changes as has been observed further
north in the Sargasso Sea (Bacon et al., Deep Sea Res. 32, 273 (1985)). It

is possible, however, that the collection intervals are long enough to mask

such seasonal signals. There is a strong suggestion in the data for the
deeper trap nuclide fluxes, of systematically higher fluxes in the latter
part of the sampling period, i.e. in spring and early summer of 1984. 1In
collection interval 4, for example, the elevated nuclide fluxes in the deep
trap do not reflect corresponding increases observed at the 1464 m trap
depth. It is tempting to speculate on whether a deep advective process is
contributing particles (such as sporadic turbidite import) to the bottom
water.

The fluxes of both
water column inventories. If integrated over the 30 years of fallout his-

239’24°Pu and 24lAm are very low in relation to the
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tory, they represent total integrated fluxes amounting to about 10% of the
total water and sediment inventories below the main thermocline. It seems
likely that the major components of these nuclide fluxes in the upper water
column are recycled with the organic matter - leaving only a minor fraction
which survives into the deeper water layers. This small supply on sinking
particles seems to be consistent with the arguments advanced earlier on
advection being the major source of deep water fallout tracer supply.
Figures 10 and 11 show the correlations of the mass fluxes in the Nares

239’240Pu and 241Am fluxes respectively. Also shown

trap samples with the
are the corresponding data for a trap series from deployment at 4000 m in
the Hatteras Abyssal Plain (E-N3) from mid-1983 to mid-1984 (at 32°46'N,

70°50'W). As has been observed by Bacon et al. (Deep Ses Res. 32, 273

(1985)), mass flux fluctuations in large particle fluxes appear to be a major
control on nuclide fluxes. The Neres and Hatteras data show that this corre-
lation holds up over depth ranges from 1500-5000 m and over sampling loca-
tions over 500 miles apart. The fact that the data from the two locations
lie on essentially the same line is probably a consequence of a similarity

in concentration of transuranics in the region of the water column where the
large particle flux originates. Over this part of the North Atlantic gyre,
similarity in the pattern of fallout nuclide concentrations with depth is

not surprising. The mass fluxes, and corresponding nuclide fluxes are higher
at the Hatteras site. Lacking the appropriate data on primary productivity
differences between the two areas, it is only possible to speculate that the
mass fluxes are correspondingly correlated.

4. 241pm in Nares sediments
241

Am analyses were completed on the surficial sections of the sed-

239’240Pu. 137Cs and 210Pb data

were reported last year. These data are listed in Table 6 together with the

corresponding 241Am/239'240

iment cores from the Nares site for which

Pu ratio. The concentrations (and, consequently,

sediment nuclide inventories) are very low. The picture of the Nares sediment
as a sedimentary regime receiving a very small flux of material from the sur-
face ocean holds, consequently, for 241Am as well as the other, less reactive
fallout nuclides. The fact that the mean 241Am/239’240

elevated over that which would characterize integrated global fallout supplied

Pu ratio is 2-3 times
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‘lAm-enriched. large sinking

to the surface ocean, results from the supply of 2
particles. The mean ratios in the 1464 m trap and 4832 m trap samples were
1.5 and 1.9, respectively. The sediments are, however, & very minor sink

still for the fallout transuranic inventory.
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TABLE 1

Fallout 137Cs and 239’uoPu Concentrations at NARES-1
Nares Abyssal Plain; 23°11'N, 63°58'W; Collected 9/29/84; Bottom Depth 5840 m.

Potential

Sample Salinity Temperature 137¢4" 239,240py
Depth (m) °/es °C d.p.m./100 Kg (collection date)
o - -~ 12.6+0.2 0.033+0.008
263 36.538 18.23 17.9+0.3 0.145+0.019
436 36.222 16.18 20.5+0.3 0.158+40.023
668 35.494 11.28 9.8+0.3 0.204+0.022
834 35.035 7.79 2.240.2 0.083+0.013
1060 35.020 6.00 1.8+40.2 0.0354+0.006
1442 35.016 4.36 3.1+0.3 0.094+0.016
2550 34.958 2.85 0.2+0.2 0.009+0.007
3331 34.921 2.27 1.4+0.2 0.029+0.008
4124 34,904 1.974 0.6+0.2 0.027+0.008
4994 34.883 1.78 1.040.2 0.023+40.005
5681 34.850 1.527 1.840.2 0.0224+0.006
5788 34.849 1.517 0.340.2 0.020+0.007
Int?gyated . 2
activity (mCi/Km )
0-5840m 79.7 1.19
2000-5840m 16.0 0.37

*: 137¢s corrected for blank value of 0.3.
Using interpolated 2000m values.
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TABLE 2

Concentrations of Fallout Transuranics in Seawater

and Filtered Particles at NARES-1

239,240p, 2415p

Depth Particles Dissolvedt Totall Particles Dissolved Total

(m) d.p.m./1000 2

Surf. 0.00540.003 0.015+0.008 0.022+0.009
400 0.005+0.002 1.495 1.50 0.010+0.004 0.176+0.009 0.1944+0.010
800 | 1.07 0.021+0.006 0.285+0.020 0.306+0.021
1464 0.010+0.002 0.93 0.94 0.017+0.005 0.203+0.014 0.222+0.014
2540 0.002+0.002 0.062+0.009 0.064+0.010
3750 0.003+0.001 0.277 0.28 0.005+0.002 0.089+0.011 0.094+0.011
5695 0.004+0.002 0.057+0.029  0.0614+0.029
5785 0.006+0.003 0.194 0.20 0.005+0.004 0.063+0.011 0.068+0.011

* o> -+
"o ou

Total minus particulate concentration.
From large volume water samples.
Provisional values; longer counts being made.
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TABLE 3

Fraction of Fallout Transuranjcs Collected
by 1 um Cartridge Prefilters at NARES-1

Depth 239,240p, 241y

(m) % Part.! Cp/Cd< % Part.l Cp/Cd<
Surface 25+18 0.33

400 0.3+0.1 0.003 9.3+2.1 0.057

800 6.9+42.0 0.074
1464 1.1+0.2 0.011 7.7+42.3 0.084
2540 3.143.2° 0.032
3750 1.64+0.5 0.016 5.3+2.2 0.056
5695 6.544.53 0.070
5785 3.2+1.6 0.033 7.4+6.0 0.079
Mean 0.016 6.6 0.065
1 = & of total activity on particles.
2 = Particulate activity (Cp) divided by dissolved activity (Cd).
3 = Provisional values.
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TABLE 4

Concentrations of Fallout Transuranics in NARES-1 Trap Samples

Collection
Mooring and Interval
Trap Depth (days)
NARES-1, 1464m 8-86
8/15/83-9/20/84 86-164
23°16'N, 63°55'W 164-242

242-320

1-8, 320-404
NARES-1, 4832m 8-86
8/15/83-9/20/84 86-164
23°16'N, 63°55'W 164-242

242-320

1-8, 320-404

Seasonal trap (Day 8-320) mean concentrations

1464m trap
4832m trap

not detected

Mass 239,240, 238, 261,
Flgx
g/m°/y d.p.m./g
14.31  0.41:0.04 n.d.  0.65:0.08
8.39  0.33:0.04 n.d.  0.6050.13
6.30  0.36+0.04 n.d.  0.91+0.10
7.73_  0.38+0.04 n.d.  0.69:0.09
4.25%  0.27:0.04* n.d.  0.39:0.09%
12.07  0.37+40.04 n.d.  0.58+0.08
8.52  0.44+0.05 n.d.  0.65+0.10
8.09  0.42¢0.05 n.d.  0.58+0.09
16.39 0.3830.04 n.d.  0.43+0.07
10.03*  0.25+0.03* n.d.  0.414+0.07
0.37 0.71
0.40 0.56

open cup during trap retrieval
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TABLE S

Transuranic Fluxes in NARES-1 Traps

Mooring and Collection
Trap Depth Interval 2 239’240Pu 2 2‘1Am
(days) g/m/y d.p.m. per m_ per year
NARES-1, 1464m 8-86 14.31 5.940.6 9.3+1.1
8/15/83-9/20/84 86-164 8.39 2.840.3 5.1+1.1
23°16'N, 63°55'W 164-242 6.30 2.310.3 5.7+0.6
242-320 7.73 2.9+0.3 5.3+0.7
1-8, 320-404 4.25" 1.1+0.2" 1.7+0.4
Mean annual flux 9.18 3.15 6.4
(seasonal trap average,
day 8-320)
NARES-1, 4832m 8-86 12.07 4.5+40.5 7.0+1.0
8/15/83-9/20/84 86-164 8.52 3.7+0.4 5.5+0.9
23°16'N, 63°55'W 164-242 8.09 3.440.4 4.740.7
242-320 16.39 6.240.7 7.0+41.1
1-8, 320-404 10.03% 2.5+0.3% 4.1+0.7
Mean annual flux 11.26 4.5 6.1
(seasonal trap average
day 8-320)

* = open cup during retrieval.
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TABLE 6

241pm and 241pm/239,240py Ratios in
- Surficial Nares Abyssal Plain Sediments

Colllection Core No. 2810 241pm/239,240py
R/V TYRO BCO2 4.93+0.40 0.71+0.07
7-19 Feb. 1984 BCO8 4.17+0.36 0.65+0.06
22°10' - 23°35°'N, BCO9 2.1240.25 0.63+0.09
63°15' - 64°45'W BC1S 1.05+0.20 0.60+0.03
5719 - S779 m BC18 0.67+0.14 0.74+0.14
BC23 3.70+0.29 0.70+0.08
BC25 1.7140.24 0.7840.13
BC32 2.55+0.28 0.59+0.17

* = dpm/Kg (dry weight).

-D18-



F

00 10

2000 |

Depth (m)

4000 |

6000

2000
Depth (m)

4000

6000

FIGURE 1

t

Cs-137 dpm/100kg

20

0.1

0.2

Pu-238, 240 dpm/100kg

-D19-




FIGURE 2

Deepwater trgcer increase 1981-1984
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FIGURE 3

Fallout Pu238,240 gt Nares-I : 8/24/84
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Solid line : Pu predicted from Cs-137 profile (no particulate Pu transport)
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FIGURE 5

Fallout Am241 gt Nares -1 ; 89/24/84
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FIGURE 6
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FIGURE 7

Fine particle Am241 in Northwest Atlantic
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APPENDIX E
PRELIMINARY DATA REPORT NARES 11 MOORING AND BAITED CAMERA MOORING:
CURRENT METERS
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Oregon State University Sediment Trap Group, Cruise Report,
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Editor's Notes

Soon after the Subseabed Project phaseout began in early January
1986, funding for all Nares-related work was greatly reduced. This
reduction, only six weeks after the completion of a major cruise,
made it impossible to completely evaluate current-meter data from
moorings recovered on the Nares II cruise. We thank R. D. Pillsbury
and the Oregon State University (OSU) Current Meter Group for

completing the Preliminary Data Report in Appendix E.

Two moorings containing current meters were recovered on the
Nares II mission. One was the Nares-II current-meter sediment-trap
mooring (23014.5'N, 64002.1'W) deployed on the Nares-I mission
in September 1984 (for a mooring diagram see Figure 1). The second,
the baited camera mooring deployed for 53 hours (23020.1'N,
640058'W), contained one current meter, 6 m above the bottom. For
descriptions of the instruments and data analysis procedures see
Pillsbury et al. (1986). Some notes relating to the preliminary

data report follow.

The columns in the processed files, which contain the notations

“"FIRST 5 LINES" and "LAST 5 LINES," are (from left to right)

Time (UCT)
Day
Month

Year
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Current Speed (cm/sec)

Current direction (degrees true or toward)
U component of current (cm/sec)

V component of current (cm/sec)
Temperature (degrees centigrade)

Pressure (decibars)

Attenuation coefficient (1/m).

There are two data summary listings at each current meter
depth. For example, the heading "DATA AT NARES -II, 776 METERS,
LINE 1 THRU END OF FILE" is preceeded in one listing by a "P" and in
the other by an "LLP"”. The summary listings prece&ed by a "P" were
prepared from hourly data records. The summary listings preceded by
"LLP" were prepared from records filtered to remove tides and

inertial oscillations and sampled at six-hour intervals.

In progressive vector diagrams, the small squares mark the
beginning of a new calendar month. Time increases from the 0, 0

point on the axis.

The processed file of the current meter at 1464 m is three
cycles short (i.e., three hours worth of data are missing). The
reason is unknown, but loss of this small portion of data should not
significantly influence the data summaries or any potential uses of

the data.

~-ElL-



The processed data file of the current meter at 2900 is one
cycle short. The consequences of this are slight. Also, the
transmissometer channel was not processed, due to an instrument
malfunction. Current speed is suspiciously low throughout most of
the record compared to the deeper current meters and to the records
from the Nares-I current meter at 2950 m. The reason is unknown.
It would be informative to process the record to extract tidal

amplitudes for comparison with those of the Nares-I 2900-m current

meter.

The 5800-m current meter record is short, due to a leak which
developed in one of the transmissometer electrical'passthroughs.
Evidently, the transmissometer underwater unit leaked at depth,

. which may account for the large offset in attenuation coefficient
seen on 15 Mar 85. No corrections were applied to processed

attenuation coefficient.

The 5800-m, 4800-m, and 2900-m records (excepting the latter's
unexplained low speeds) appear to be highly correlated, as was the
case for the Nares-I current meters. However, the Nares-II mean
currents are toward the south, unlike those from Nares I, which were

toward the west.

The brief (53-hour) record from the current meter (6 m above the
bottom) on the baited camera mooring has been processed, and
summaries are included here (Table 1, Figures 2 and 3). The flow is
nearly all northward. The speed plot points out how useful a lower-

threshold instrument would be for this near-bottom work.
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The records for the Nares-I and Nares-II 4800-m current meters
have been combined to produce a progressive Vector diagram 826 days
in length (Figure 4). The record clearly shows that the Nares
Abyssal Plain is a relatively inactive region where nontidal current
patterns are dominated by intermittant low frequency (mesoscale)
activity, and where measurements of at least several years' duration

will be required to establish stable mean current velocity values.

The 0SU Current Meter Group has provided Sandia National
Laboratories with a data tape containing all current-meter data from
the Nares-I and Nares-II moorings. This tape will be kept on file at
Sandia. OSU will continue to archive the dats, aﬁd will maintain
the archive for several more years. Descriptions of the tape format

and header records are included below for completeness.

Tape Format Description

The nine-track data tape was written in ASCII code at 1600 BPI
with odd parity. The first record in each file contains header
information and is 80 characters in length. It is followed by
blocked data records which are generally 4000-characters long. Each
4000-character record contains 50 logical records of 80 characters
each. The last data record in a file will usually contain fewer than
50 logical records and will hence be shorter than 4000 characters.
Each file is terminated by a single file mark, except for the last

file on the tape which is followed by two file marks.
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Nares Data Tape

Header Records

725

2950

4800

5800

776

1464

2900

4800

5800

METERS

METERS

METERS

METERS

METERS

METERS

METERS

METERS

METERS

AT

AT

AT

AT

AT

AT

AT

AT

NARES-I,
NARES-I.
NARES-I.

NARES-I.

NARES-II.

NARES-II.

NARES-II.

NARES-II.

NARES-II.

AUG

AUG

AUG

AUG

SEP

SEP

SEP

SEP

SEP

83

83

83

83

84

84

84

84

84

-~ SEP

- SEP

— SEP

- SEP

- Nov

- NoV

- NOV

- NOV

- AUG

84.

84.

84.

84.

85.

85.

85.

85.

85.

TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE

TAPE

4409/19.

4411/18.

5862/7.

5884/3.

5860/9.

5859/10.

4918/18.

7161/3.

4911/15.
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Reference

Pillsbury, R. D. et al., Data Report for Current Meters on Mooring

Nares-1, 1983-84; Nares Abyssal Plain, SAND85-7215
(Albuquerque: Sandia National Laboratories, 1986).
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5840 METERS AT RAITED CAMERA. TAFE 5B860/10.

FIRST S LINES?
1230 22 11 85
1245 22 11 85
1300 22 11 85
1315 22 11 85
1330 22 11 85
LAST S LINES:
1630 24 11 85
14645 24 11 85
1700 24 11 B5
1715 24 11 85
1730 24 11 B5
SPEEDv CM/SEC
Us CM/SEC

Vy CM/SEC
TEMFs DEG C

4.5 96 4.5 =0.5 2.10
4.4 75 4,2 1.1 2.10
4.1 62 3.6 1.9 2,10
3.7 52 2.9 2.3 2.10
3.8 74 3.7 1.1 2.10
3.8 21 1.4 345 2.10
3.9 22 1.5 3.6 2.10
4.0 23 1.6 3.7 2.10
4.1 23 1.6 3.8 2,10
4,2 22 1.6 3.9 -2.10
MIN MEAN MAX
0.80 2.56 5.50
-0.40 0.85 4.50
-0.50 2.22 5.50
2.10 2.10 2,10

TABLE 1. Current Meter Data Summary

(6 m above bottom)

-EQ-

[, 0 X

209
210
211
212

213

sh

1.60
1.12
1.50
0.00



RADIO BUOY

SEDIMENT TRAP

RCM 5860
o at 750m
SEDIMENT TRAP
RCM 5859
DE::]atl450m

SEDIMENT TRAP

(ixran

INVERTED SEDIMENT TRAP

SEDIMENT TRAP

NARES 2 SEDIMENT TRAP
23°14.5'N RCM Tisl

64°02.I'wW at 4800m

INSTALLED: 2! SEP 84 INVERTED SEDIMENT TRAP

SEDIMENT TRAP

RCM 4921
at 5800m

U DUAL DACS RELEASES

—— 5835 m

FIGURE 1. Current Meter Mooring Plan
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Final Report on Contract 32-5717
Task 1.

The Nares 3 mooring was prepared. The cruise to
recover Nares 2 and install Nares 3 was done in late
November of 1985. No additional equipment has been prepared
since all effort has been stopped on this task.

Task 2.

The recalibration of current meters recovered from the
mooring Nares 2 was done. These calibrations were then used
to convert the data collected by the Aanderaa current meters
to standard oceanographic units. The data were recorded on
magnetic tape and a copy of that tape is included as a
portion of the final report. An analysis of the
distribution of kinetic energy in the collected data from
Nares 2 was done. That analysis showed about 70% of the
eddy kinetic energy is in motions with a period longer than
50 days, a result nearly identical to that from the Nares 1
data.

Task 3. Deleted

Task 4., Deleted
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NARES II Preliminary Data Report
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MEAN
S 9.81
u -1.81
% ~0.37
T 9.42
F 788,13

ELDY KE =

HEAT FLUX U

HEAT FLUX V

MOMENTUM FLUX =

+F DATA AT NARES-II,

776 METERS

LINE 1 THRU END OF FILE
sh SKEWNESS KURTOSIS MIM
2.90 0.70 4,10 ¢.80
4,81 0.29 3.24 -18.60
3.96 0.17 2.91 ~15.20
0.44 0.63 2:77 8,39
3.19 1.10 3.90 783.80
19.40 10215 FOINTS
0.61 10215 POINTS
-0.01 10218 FOINTS
-1.7% 10215 FDINTS

-E16-

MAX
21.80
19.70
13.80
10,76

803.20



+LLF DATA AT NARES-IIs» 776 METERS
LINE 1 THRU END OF FILE

MEAN =30 SEKEWNESE KURTOSIS HIM
U -1.84 = 3.67 0.52 3.34 -13.31
v -0.36 2.42 0.20 2.62 ~6.18
T 9.42 0.41 0.79 2.74 8.73
F 788.09 2.%90 0.98 3.37 784.94
EDnY KE = P63 1694 FOINTS
HEAT FLUX U = 0.56 1694 FOINTS
HEAT FLUX V = -0.05 1694 FOINTS
MOMENTUM FLUX = -0.83 1694 FOINTS
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776 Meters 2t Nares-11, 21 Seﬁv84'- 21 Nov 85, Tare 5B&0/9.

FIRST S LINES?

2100 21 9 84 10.7 35 6,1 8.8 ?.03 803.2 1
2200 21 9 B4 5.2 106 5.0 -1.4 ?.07 801.0 2
2300 21 9 B4 3.6 126 3.0 -2.,1 9.07 801.0 3
0 22 9 84 4.4 115 4,0 ~-1,9 8.96 801.0 4
100 22 9 84 417 128 307 “&09 9'03 80100 5
LAST 5 LINES:
700 21 11 85 2.4 159 3.4 -8.8 10,20 787.3 10211
800 21 11 85 8.3 156 3.4 -7.6 10,20 788.4 10212
900 21 11 85 5.5 158 2,0 -S5.1 10,20 790.7 10213
1000 21 11 8% 5.1 138 3.4 -3.8 10.11 791.8 10214
1100 21 11 85 3.1 72 2.9 1.0 10,06 792.0 10215
MIN MEAN MAX sn NUM
SFEEDYy CM/SEC 0.80 5.81 21,80 2.90 10215
Us CM/SEC ~18.60 -1.81 19.70 4.81 10215
Vs CM/SEC ~-15.20 -0.37 13.80 3.96 10215
TEMFs DEG C 8.39 9.42 10.76 0.44 10215
FRESSUREs DE 783.80 788.13 803.20 3.19 10215
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776 M 3t Nares-I1. 21 Ber 84 - 21 Nov 835, Tsre 58640/9%.
FREQUENCY TABLE FDOR CURRENT SPEED

LOWER BOUND UPPER BOUND FREQUENCY RELATIVE FR.

0.00 2.00 842 0.082428
2.00 4,00 1907 0.1B6686
4,00 6.00 2921 0.2835952
6.00 8.00 2426 0.237494
8.00 10.00 1304 0.127655
10,00 12.00 515 0.050416
12.00 14,00 191 0.018698
14,00 16.00 61 0.,005972
16.00 18.00 30 0.002937
18,00 20.00 11 0.001077
20.00 22.00 7 0.000685
22,00 24.00 0 0.000000
24,00 26.00 0 0.,000000
26.00 28.00 0 0.000000
MEAN 5.81235
STANDARDI DEVIATION 2.90467
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776 ¥ at Nares-I1., 21 Sep 84 - 21 Nov 85. Tare 5860/9.,

FREQUENCY TABLE FOR CURRENT DIRECTION

LOWER BOUND UPPER BOUND FREQUENCY RELATIVE FR.

0 10 183 0.017915
10 20 168 0.016446
20 30 144 0.014097
30 40 163 0.,015957
40 S0 129 0.,012628
S50 60 122 0.011943
60 70 162 0.01585%
70 80 1385 0.015174
80 90 212 0.020754
90 100 264 0.025844

100 110 225 0.022026
110 120 249 0.024376
120 130 189 0.,0183502
130 140 198 0.019383
140 150 181 0.017719
150 160 186 0.018209
160 . 170 200 ‘ 0.01957%9
170 180 210 0.020558
180 190 275 0.,026921
190 200 300 0.029369
200 210 382 0.0373%96
210 220 404 0.,039550
220 230 461 0.045130
230 240 449 0.043955
240 250 467 0.045717
250 260 529 0.051787
260 270 580 0.,056779
270 280 506 0.049535
280 290 469 0.045913
290 . 300 471 0.046109
300 310 335 0.032795
310 : 320 306 0.,029956
320 330 250 0.024474
330 340 233 0.022810
340 350 267 0.026138
350 360 191 0.0186%98
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776 M at Nares-1I. 21 Ser B4 - 21 Nov BS. Tare 5860/9.

FREQUENCY TABLE FOR TEMPERATURE

LOWER EROUND UPFPER ROUND FREQUENCY RELATIVE FR.

8.00 8.10 0 0.000000
8.10 B.20 0 0.000000
8.20 8.30 0 0.000000
8.30 8.40 2 0.0001%96
8.40 8.50 15 0.001468
8.50 8.60 44 0.004307
8.60 8.70 82 0.008027
8.70 8.80 156 0.015272
8.80 8.90 529 0.051787
8.90 2.00 706 0.069114
9.00 9.10 979 0.095839%
9.10 .20 1273 0.124621
?.20 ?.30 991 0.097014
%.30 .40 1091 0,106804
9.40 9.50 6467 0.065296
.50 9.60 540 , 0.,052863
9.60 9.70 561 0.054919
2,70 9.80 415 0.040627
9.80 9.90 440 0.043074
?2.90 10.00 507 0.,049633
10.00 : 10.10 338 0,03308¢9
10.10 10.20 221 0.021635
10.20 10.30 223 0.021831
10.30 10.40 155 0.015174
10.40 10.50 135 0.013216
10.50 10,60 110 0.010768
10.60 10,70 28 0.002741
10.70 10.80 7 0.000685
10.80 10.90 0 0.,000000
10.90 11.00 0 0.000000
MEAN 9.41750
STANDARD DEVIATION " 0.43617
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776 ¥ st Nares-Il. 21 Ser 84 - 21 Nov 85, Tare 58460/9.
FREQUENCY TABLE FOR PRESSURE

LOWER BOUND UPPER BOUND FREQUENCY RELATIVE FR.

780,00 782.00 0 0.000000
782.00 784.00 i 0.000098
784,00 786,00 2960 0.289770
786,00 788.00 2767 0.270876
788.00 790.00 2123 0.207832
790.00 792.00 1149 0.112482
792,00 794.00 489 0.047871
794,00 796.00 464 0.,045423
796.00 798.00 i8s 0.018209
798.00 800.00 52 0.005091
800.00 - 802.00 17 0.001664
802.00 804,00 7 0.000685
804,00 806.00 0 0.000000

MEAN 788.13507

STANDARD DEVIATION 3.18776
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+F [ATA AT NARES-IIs 1444 METERS
LIME 1 THRU END OF FILE

MEAN sh SKEWNESS KURTOSIS MIN MAX LENGTH
S 3.92 2.12 0.34 2.83 0.80 13.70 10211
U 0.16 3.50 0.38 2.72 -10.,%0 13,40 10211
v -0.12 2,79 0.08 3.09 -2.00 9.70 10211
T 4,52 0.10 0.02 2.22 4,24 4,79 16211
F 1486.17 2.9% 0.52 2.70 1479.80 1495.60 10211
EDDY KE = ?.89 10211 FOIMTS
HEAT FLUX U = 0.07 10211 FOINTS
HEAT FLUX V = 0,06 10211 FOINTS
MOMENTUM FLUX = -0.93 10211 FOINTS
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MEAN
u 0.13
Y -0.12
T 4,52
F 1486,14

EDDY KE =
HEAT FLUX U

HEAT FLUX V

MOMENTUM FLUX

«LLF DATA AT NARES-II»

1464 METERS

LINE 1 THRU END OF FILE

sh
2.96
2,03
0.10

2.81

SKEWNESS KURTOEIS

1693
1693
1693

1493

2,57

3.20

r
fors
3

rJ
w
W

FOINTS
FOINTS
FOINTS

FOINTS

~-E30-

MIKM

1481,99

1495.03

LENGTH

1493

14693

1493

1693



1444 Meters at Nares-II., 21 Ser 84 - 21 Nov 85, Tare 5B59/10,

FIRST S LINES?

2200 21 9 B84 1.7 205 =0.7 -1.6 4,44 1495.6 1
2300 21 9 84 1.9 213 -1.0 -1.6 4,41 1495.6 2
0 22 9 84 3.3 220 -2.1 -2.5 4.43 1495.46 3
100 22 9 84 3.0 227 -2.2 -=2.0 4,43 1495.6 4
200 22 ¢ B4 2.8 268 -2.8 -0.1 4,40 1495.6 5

LAST 5 LINES:

400 21 11 85 12.1 101 11.9 -2.3 4.51 1486.6 10207
500 21 11 85 10.4 108 2.2 -3.2 4.54 1486.6 10208
400 21 11 85 10.5 113 9.6 -4.1 4.55 1486.6 10209
700 21 11 85 10.0 110 9.4 -3.4 4,60 1486.6 10210
800 21 11 85 9.6 114 8.8 -3.9 4,58 1486.6 10211

MIN MEAN MAX Sh NUM
SFEEDIs CHM/SEC 0.80 3.92 13.70 2,12 10211
Us, CHM/SEC -10.50 0.16 13.60 3.350 10211
Vy CM/SEC ~-9.00 =-0.12 9.70 2.79 10211
TEMFy DEG C 4.24 4.32 4.79 0.10 16211
FRESSURE,s DE 1479.80 14B6.17 1495.60 2.9 10211

The rprocessed file is 3 cwcles short.
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1464 M at Neres-II. 21 Ser B84 - 21 Nov BS5. Tare S5859/10.
FREQUENCY TARBLE FOR CURRENT SPEED

LOWER BOUND UPFER EOUND FREQUENCY RELATIVE FR.

0.00 2.00 2187 0.214181
2.00 4,00 3016 0.2935368
4.00 6.00 3287 0.321908
6.00 8.00 1401 0.137205
8.00 10.00 268 0.026246
10.00 12.00 446 0.004505
12,00 14,00 6 0,000588
14,00 16.00 0 0.000000
16.00 18.00 0 0.000000
18.00 20.00 0 0.000000
20.00 22,00 0 0.000000
22,00 24,00 0 0.000000
24,00 26.00 0 0.000000
26.00 28.00 0 0.000000
MEAN 3.91888
STANDARD' DEVIATION 2.11600

-E32-



1464 M at Nares-II. 21 Ser 84 - 21 Nov 85, Tare 0839/10.

FREQUENCY TABLE FOR CURRENT DIRECTION

LOWER RBOUND UPFER ROUND FREQUENCY RELATIVE FR.

0 10 206 0.020174
10 20 161 0.013767
20 30 139 0.013613
30 40 133 0.013025
40 S50 159 0.015571
50 60 218 0.0213350
60 70 250 0.024483
70 80 296 0.028988
80 90 402 0.039369
90 100 386 0.037802

100 110 439 0.042993
110 120 397 0.038880
120 130 280 0.027421
130 140 236 0,023112
140 150 242 0.023700
150 160 223 - 0.021839
160 170 233 0.022819
170 180 251 0.024581
180 190 268 0.026246
190 200 245 0.0239%94
200 210 323 0.031633
210 220 283 0.027715
220 230 271 0.026540
230 240 315 0.,030849
240 250 320 0.031339
250 260 406 0.039761
260 270 3767 0.036823
270 280 411 0.040251
280 290 397 0.038880
290 300 340 0,033297
300 310 322 0,031535
310 : 320 285 0.027911
320 330 255 0.024973
330 340 253 0.024777
340 350 284 0.027813
350 360 206 0.020174
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1464 M at Nares-II1. 21 Ser B4 - 21 Nov 853, Tare 5859/10,

FREQUENCY TABLE FOR TEMPERATURE

LOWER ROUND UPFER BOUND FREQUENCY RELATIVE FR.

4,10 4,15 0 0.000000
4,15 4,20 0 0.000000
4,20 4.25 S 0.,0004%0
4,25 4,30 69 0.006757
4,30 4,35 158 0.015474
4,35 4,40 704 0.068%45
4.40 4,45 1902 0.186270
4,45 4,50 1296 0.126922
4,50 4,35 1711 0.167564
4.5%5 4,60 1510 0.147880
4.60 4,65 1519 0.148761
4,695 4.70 938 0.091862
4.70 4.75 359 0.035158
4,75 4.80 40 0.003%917
4.80 4.85 0 0.000000
4.85 4.90 0 0.000000
MEAN 4,52385

STANDARD DEVIATION 0.10128
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1464 M at Nares-II, 21 Ser 84 - 21 Nov 85. Tare 585%9/10.

FREQUENCY TARLE FOR PRESSURE

LOWER BOUND UPFER ROUND FREQUENCY RELATIVE FR.
1475.00 1479.00 0 0.000000
1479.00 1483.00 1448 0.161395
1483.00 1487.00 5489 0.,537558
1487.00 1491.00 1985 0.,194398
1491.00 1495.00 10446 0.10243%
-14935.00 1499.00 43 0.004211

MEAN 1486.05078
STANDARD DEVIATION 2.95682
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1464 M ot Nares—Ii.

-+ 60 Km
—12 —60 60 Km
\\‘M
1 -60
+ —-120

425.4 days starting 2200 21 Sep 84.
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+F DATA AT NARES-II, 2900 METERS
LINE 1 THRU END OF FILE

MEAN sh SKEWNESS KURTOSIS MIN MAX LENGTH
8 1.07 0.895 4.09 21.82 0.80 8.20 10213
u -0.09 0.%94 1.10 12,15 -1 8.20 15212
Y -0.14 0.93 -2.20 13.74 ~8.00 4.70 10212
T 2.7%9 0,02 ~0.07 3.01 2.69 2.88 10213
EDDY KE = 0.88 10213 FOINTS
HEAT FLUX U = 0.00 10213 POINTS
HEAT FLUX V = -0.01 10213 POINTS
MOMENTUM FLUX = -0.11 10213 POINTS
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+LLF DATA AT NARES-II.

LINE 1 THRU END OF FILE

MEAN sh SKEWNESE KURTOSIE
u -0.10  0.6°9 1.01 4.3
v -0.19% 0.73 ~-2.17 11,12
T 2.79 0.02 -0.10 2.71
EDDY KE = 0.51 1694 FOINTS
HEAT FLUX U = 0.00 1694 FOINTS
HEAT FLUX V = -0.01 14694 FOINTS
MOMENTUM FLUX = -0.095 1694 FOINTS
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2900 METERS

MINM

“2000

"’4030

2.74

MAX

LENGTH

1¢94

1494

1694



2900 Meters at Nares-II. 21 Ser 84 - 21 Nov £5., Tare 4913718,

FIRST 5 LINES:

2100 21 9 84 2.9 104 3.8 -0.9 2.80 1
2200 21 9 84 0.8 153 0.3 -0.7 2.79 2
2300 21 9 84 1.5 164 0.4 -1.,5 2.79 2
0 22 9 84 1.8 165 0.3 -1.7 2.79 4
100 22 9 B84 0.8 18B3 0.0 -0.7 2.7 S
LAST 5 LINES:
500 21 11 85 2.9 20 2.9 0.0 2477 10209
600 21 11 85 2.0 88 2.0 0.1 2.77 10210
700 21 11 85 1.8 28 1.8 -0.2 2.77 10211
800 21 11 85 1.6 101 1.6 =0.3 2,77 10212
00 21 11 85 0.8 97 0.7 -~0.1 2.76 10213
MIN MEAN MAX s NUM
SFEEDy CM/SEC 0.80 1,07 B.20 0.85 10213
Us CH/SEC ~3.60 -0.09 8.20 0.94 10213
Vs CHM/SEC ~8.00 -0.,14 4,70 0.93 10213
TEMFs DEG C 2.69 2.79 2.88 0,02 10213

The rrocessed file is one cwcle short. .

The transmissometer channel waese not rFrocessed due to &n
instrument malfunction.

Sreed is susriciously low throughout most of the record.
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2900 M at Nares-II, 21 Ser 84 - 21 Nuv 8G. Tare 4913/18.

FREQUENCY TABLE FOR CURRENT SPEED

LOWER BOUND UPPER EBOUND FREQUENCY RELATIVE FR.

0.00 2.00 9417 0.922060
2,00 4.00 537 0.052580
4,00 6,00 213 0.020856
6.00 8.00 38 0.003721
8.00 10,00 8 0.000783
10.00 12,00 0 0.000000
12,00 14.00 0 0.000000
14,00 16.00 0 0.000000
16,00 18.00 0 0.000000
18.00 20,00 0 0.000000
20.00 22,00 0 0.000000
22,00 24.00 0 0.,000000
24,00 26400 0 0.000000
26.00 28.00 0 0.000000
MEAN 1.06550
STANDARDIY DEVIATION 0.85112
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2900 M at Nares-Il. 21 Ser 84 -~ 21 Nov 85 Tare 4913718,
FREQUENCY TABLE FOR TEMFERATURE

LOWER BOUND UFFER BOUND FREQUENCY RELATIVE FR.

2.40 2.45 0 0.000000
2.45 2.50 0 0.000000
2.50 2.35 0 0.000000
2¢59 2.60 0 0.000000
2.60 2,65 0 0.000000
2,63 2.70 1 0.000098
2.70 2.75 282 0.027612
2.75 2.80 5193 0.508470
2.80 2.85 4601 0.450504
2.85 2.90 136 0.013316
2.90 2.95 0 0.000000
2,95 3.00 0 0.000000
3.00 3.05 0 0.000000
3.05 3.10 Y 0.000000

MEAN 279062

STANDARD DREVIATION 0.02382
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2900 M at Nares-II., 21 Ser 84 -~ 21 Nov 835. Tare 4913/18.

FREQUENCY TAELE FOR CURRENT DIRECTION

LOWER BOUND UPPER BOUND FREQUENCY RELATIVE FR.

0 ‘ 10 : 158 0.015470
10 20 144 0.014100
20 30 170 0.016645
30 40 154 0.015079
40 50 166 0.,016254
90 60 189 0.018506
60 70 234 0.022912
70 80 259 0.025360
80 90 296 0.028%983
90 100 389 0.038089

100 110 353 0.034564
110 120 241 0.023597
120 130 242 0.023695
130 1490 214 0.020954
140 150 248 0.024283
150 160 251 0.024577
160 170 256 0.025066
170 180 237 - 0.023206
180 190 251 0.024577
190 200 296 0.028983
200 210 299 0.029276
210 220 309 0.030256
220 230 301 0.,029472
230 240 394 0.038578
240 250 447 0.043768
250 260 524 0.031307
260 270 492 0.048174
270 280 474 0.046411
280 290 430 0.042103
290 300 400 0.039166
300 310 322 0.031528
310 320 269 0.026339
320 330 238 0.023304
330 340 220 0.021541
340 350 170 0.016645
350 360 176 0.017233
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P DATA AT MARES-IIs 4800 METERE
LINE 1 THRU END OF FILE

MEAN en SKEWNEESES KURTOEIE MIN FAaX LENGTH
S 3.50 2.14 0.53 2.99 0.80 11.00 10215
u -0.,05 3.00 0,20 3.07 -%.30 9.40 10215
Y -0.83 2.48 -0.06 3,90 -10.70 ?.10 106210
T 2.28 ¢.01 -1.35 7.51 2.21 2.37 10215
A 0.47 0.035 0.39 1.76 0.25 0.61 10215
EDDY KE = 8,07 10215 POINTS
HEART FLUX U = ¢.00 10215 POINTS
HEAT FLUX V= 0.01 10215 FOINTS

MOMENTUM FLUX = -1.,23 10215 FOINTS
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«LLF DATA AT NARES-IIs 4800 METERS
LINE 1 THRU END OF FILE

MEAN s SKEWNEESSES KURTOGIS® MIN MaX LEMGTH
u -0.06 2.75% 0.23 3.27 -74+36 7.6% 1494
% -0.84 2,43 ~0.06 4,28 -8.14 7,39 1494
T 2.28 0.01 ~2.13 8.74 2.21 2.31 1594
F 0.47 0.0% 0.33 1,52 0.40 0,595 1494
EDDY KE = 6.76 1694 FOINTS
HEAT FLUX U = 0.00 1694 FOINTS
HEAT FLUX‘U = 0.01 1694 FOINTS
MOMENTUM FLUX = -0.98 1694 FOINTS
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4800 Meters at Nares-TI,

FIRST

2100
2200
2300
0
100

LAST

700
800
900
1000
1100

SFEED
Urs CM
Vy CM
TEMP»
ATTEN

S LINESS

21
21
21
22
22

84
84
84
84
84

000w

S LINES:?

21 11
21 11
21 11
21 1t
21 11

85
83
85
85

85

+ CM/SEC
/SEC
/SEC

DEG C
« Co 1/M

o3
i88
161
191
184

3.6 46
3.3 49
3.3 o8
4,2 72
4.2 72

MIN

0.80
-9.30
-10.70

2.21

0.25

21 Ser 84 - 21 Nov 85,

0. 0.5 231
001 _007 ?.30
0.2 -0.7 2.29
001. -007 ?028
0.1 -0.7 2.27
2.6 2.5 2,29
2.9 2.2 2.29
2.8 1.8 2.30
4.0 1.3 2.29
4,0 1.3 2.30
MEAN MAX
3+.50 11.00
-0.05 ?.40
‘0083 9010
2.28 2+37
0.47 0.61
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-3

2.14
3.00
2.648B
0.01
0.00

Tare 7141/3.

0.406 1
0.406 2
0,401 3
0.406 4
0.406 5]

0.498 10211
0.533 10212
0.533% 10213
0.338 10214
0.462 10215

NUM

10215
102195
10215
10215
10215



4800 M at Nare«-JI, 2] Ser B4 - 21 Nov BU. Tare 7161/3,

FREQUENCY TABLE FOR CURRENT SPRED

LOWER EROUND UFFER ROUND FREQUENCY REILATIVE FR.
0.00 2.00 2709 0.2635198
2.00 4,00 3637 0.356045
4,00 $.00 2295 0.224670
6.00 8,00 1319 0.129124
8.00 10.00 235 0.023005
10.00 12,00 20 0.001958
12.00 14,00 0 0.000000
14,00 16,00 0 0.000000
16.00 18.00 0 0.000000
18.00 20.00 0 0.000000
20,00 22,00 0 0.000000
22,00 24.00 0 0,000000
24.00 26.00 0 0.000000
26400 28.00 0 0.000000

MEAN 3.001935

STANDARDL DEVIATION 2.,1383%8
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AB00 M at Nares-I1, 21 Ser 84 - 21 Nov B3I, Tare 7161/3,

FREQUENCY TARLE FOR CURRENT NIRECTION

LOWER ROUND UFFER BOUND FREQUENCY RELATIVE FR.

0 10 bé 0.006461

10 20 67 0.006359
20 30 B8O 0.007832

30 40 105 0.010279
40 S50 165 0,0146153

S50 60 180 0.017621
60 70 195 0.01920%90

70 80 270 0.026432
B8O %0 335 0.032795

20 100 330 0,032305
100 110 272 0.026628
110 120 197 ‘ 0.019285
120 130 201 0.019677
130 140 ‘ 243 0.023789
140 150 296 0.028977
150 160 433 0.042389
160 170 449 0.043955
170 180 460 0.045032
180 190 437 0.0422%91
190 200 415 0.040627
200 210 ’ 389 0.038081
2190 220 364 0,035634
220 230 425 0.041605
230 : 240 456 0.044440
240 250 447 0.043759
250 260 485 0.047479
260 270 452 0.044249
270 280 362 0.035438
280 2%0 315 0.030837
290 300 273 0.026725
300 310 230 0.022%16
310 320 220 0.021337
320 330 199 0.0194R1
330 340 148 0.014488
340 350 149 0.014586
350 360 110 0.010768
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4800 M at Nares~1I. 21 Ser R4 - 21 Nov 85, Tare 7141/3.

FREQUENCY TARLE FOR TEMFERATURE

LOWER ROUND UFPFER ROUND FREQUENCY RELATIVE FR.
1.90 1.95 0 0.000000
1.95 2,00 0 0.,000000
2.00 2,05 0 0.000000
2.05 2,10 0 0.000000
2.10 2.15 0 0.000000
2,15 2,20 0 0.000000
2.20 2.25 274 0.,026823
2.25 2,30 7386 0.9218845
2.30 2.35 546 0.053451
2435 2.40 9 0.0008R1
2,40 ‘ 2.45 0 0.000000
2.45 2.50 0 6.000000
2.30 2.55 0 0.000000
2,55 2.60 0 0.000000
2.60 2.69 0 0.000000
265 2.70 0 ¢G.000000

MEAN 2.28115
STANDARD' LEVIATION 0.01467
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4800 M at Nares-TI1. 21 Ser 84 - 21 Nov 83, Tare 7161/3.

FREQUENCY TABRLE FOR ATTFNUATION COFFFICIENT

LOWER ROUND UFFER BOUNT FREQUENCY RELATIVE FR.,
0.10 0.135 0 0.000000
0.15 0.20 0 0.000000
0.20 0.25 0 0.000000
0.25 0.30 ] 0.000489%
0.30 0.35 é6 0.000587
0.35 0.40 47 0.004601
0.40 0.435 5275 0.5163%7
0.45 0.50 1657 0.1462212
0.50 0.55 2900 0.2R43864
0.55 0.60 317 0.031033
0.40 0.65 3 0.0002%94
0.65 0.70 0 0.000000
0.70 0.75% 0 0.000000
0.73 0.80 0 0.000000

MEAN 0,44543
STANDARD DEVIATION 0.04947
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4800 M ot Nares—Il. 425.6 days starting 2100 21 Sep 84.

-E60-



oes Jod wo ‘peedg

8¢ 144 0¢c 84 al 8 L4

-
-
-
-

-

T
-
-+
-
-+
+
L. o

:ooz%

¢/191L 9dp] 'GB AON LT — ¥8 d8S |Z °|I—-S8JDN 0 N 008Y

00°0

oL°0

0¢0

0¢’0

ov°0

Aouenbal4 sAnDIRY

-E61-



uopoal|q Moy

20l

Sie 042 144 08} el 06 Sy
968 89.L 0ov9 [43° 8¢ 96¢ 8¢c| 0
i 000°0
€000
+ %000

'¢/191L odp] ‘68 AON |Z — +8 des |Z ‘lI—€8.iDN P W 008V

Aousnbei eAnRDOY

-E62-



onu| seaubeg ‘uopjosi|g

09¢ OEE 00 0LT OF%C

000

‘¢/191L odol °G8 AON (T — ¥8 des |Z ‘li—8@iDN }P W 008Y

- 10°0

- ¢0°0

- €0°0

- ¥0°0

e

ﬁ S0'0

fouenbe.q eAnoiey

-E63~



LT

9¢

‘9 seaibeQ ‘aunjpledwa)

* i ¥C 191 (A 4 0¢ 6l

T

L of

L

+
.
L, o
4
T

L‘-
-
4
+
+
4

:ooz\ﬁ,

‘c/191, odpy 'S8 AON LZ — +8 doS |Z ‘iI-88IDN v N 008Y

00°0

oL'0

020

oe 0

o¥'0

0S'0

09°0

040

080

06°0

oot

fouenbal4 8AlDIBY

-E64-



L0

84938/ | "}}90) uofjpnuUBRY

9'0 G0 0 €0 ¢0

-

1’0

-

L

-
-
L

coo}%

'€/191L odp] 'S8 AON LT — ¥8 deS |Z ‘li—€8.DN 0 W 008¥

00°0

oL0

0¢0

0£°0

o¥°0

0s°0

09°'0

Aousnbaiy sAnDRY

_E65_



«F LDATA AT NARES-II, S800 METERS
LINE 1 THRU END OF FILE

MEAN sD EKEWNESE KURTOEIS MIN MAaX LEMGTH
8 3.41 2.18 0.62 3416 0.8¢ 12.50 7827
u -0.72 2.73 0.07 2.85 -8.40 8.10 cB27
v -0.,42 2.85 =-0.66 4.07 -13.30 7.60 7827
T 2.08 0.01 0.54 2.55 2.06 2.11 7827
A 0,49 0.04 0.25 2.07 0.36 ¢.54 7827
ENDY KE = 7.78 7827 FOINTS
HEAT FLUX U = -0.01 7827 FOINTS
HEAT FLUX V = -0.01 7827 POINTS
MOMENTUM FLUX = -0.685 7827 FOINTE
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(LLF DATA AT NARES-II»

LINE 1 THRU END OF FILE

MEAN s SKEWNESS KURTOSIS
u -0.72  2.28 -0.07 2.46
v -0.44 2.32 -1.15 S.07
T 2.08 0.01 0.75 2.67
F 0.45 0.04 0.25 2,046
ERDY KE = 5.29 1296 FOINMTS
HEAT FLUX U = -0.01 1296 FOIMTS
HEAT FLUX V = -0.01 12946 FOINTS
MOMENTUM FLUX = -0,49 12946 FOINTS
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5800 Metere at Nares—-II.

FIRST S LINES:
2100 21 9 g4
2200 21 9 84
2300 21 9 R4
0 22 9 84
100 22 9 84
LAST S LINES:
1900 13 8 85
2000 13 8 85
2100 13 & 85
2200 13 8 85
2300 13 8 85
SFEEDLs CM/SEC
Ur» CM/SEC
Vy CM/SEC
TEMF, DEG C
ATTEN, C. 1/M

THIS RECORU

8 63
B 38
B 7R
8 71
B @3

3 345
4 341
8 343
2 343
% 300

MIN

0.80
-8.60
~13.320
2.06
0.364

1S SHORT WUE TN
TRANSMISSOMETER ELFCTRICAL FASS THROUGHS.
THE TRANSMISSOMETER UNDERWATER UNIT LLEAKED AT UEFTH.
ATTENUATION

21 Ses

-109

“201

-]07

-

-1.3

—009

MEAN

3,41
-0.72
-0.47

2.08

0.45

ACCOUNT FOR THE LARGE OFFSET TN

13 MAR B8O,
COEFFICIENT.

R4 -

D000
*» o o o @
O MM

741
b0
Db
9.0
4.8

1

NO CORRECTIOMS WERE AFPFLIED
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13 Aue

2.10
2.09
2.09
2.09
2.09

J

', 08
2.08
+08
.08
t. 0B

»

™

SN RN |

MAX

2.50
8.10
7.60
2.11
0.54

85, Tare 4921715,
0.0 0.3R1 1
0.0 0.381 2
0.0 0.381 3
0.0 0.381 4
0.0 0.3R1 S
0.0 0.52%9 7823
0.0 0,529 7824
0.0 0,029 78725
0.0 0.329 7826
0.0 0.529 7827
30 NUM

2,195 7827
2.73 7827
2.85 7827
0.01 7827
0.04 7827

8 LEAK WHICH REVELQFED

TO FROCESKFET

WHICH MAY

COEFFICTENT SFEN ON
ATTENUATION

IN DRE OF THE
IT ALRD AFFFARS THAT



5800 M at Nares~1I.

231 Ser B4 -~ 13

FREQUENCY TARLE FDR CURRENT SFEED

LOWER ROUND

0.00
2,00
4,00
6.00
8.00
10.00
12.00
14,00
16,00
18.00
20.00
22,00
24,00
26.00

MEAN

STANDARD

UPFER ROUND

2.00

4,00

4,00

8,00
10.00
12.00
14.00
16,00
18.00
20.00
22,00
24,00
246,00
28,00

NEVIATION

Aug BS.,

FREQUENCY

2322
2510
1996
794
138
39

OO0 O0OOOOn

-E69-

Tare 4921/15.,

RELATIVE FR.

0.2966465
0.320485
0.255015
0.,1014699
0.020187
0.0049R3
0.,000767
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000



5800 M 3t Nares-I1. 21 Ser 84 - 13 Aug 83, Tare 4921/15.

FREQUENCY TARLE FOR CURRENT DIRECTION

LOWER ROUND UPPER ROUND FREQUENCY RELATIVE FR,
0 10 RS 0.011371
10 20 105 0.013415
20 30 161 0.020570
30 40 147 0.018781
40 50 138 0.017631
50 60 161 0.020570
60 70 172 0.021975
70 80 170 0.021720
80 90 161 0,020570
90 100 163 0.020825

100 110 157 0.020059
110 120 157 0.020059
120 130 184 0.023508
130 140 174 0.022231
140 150 130 0.016609
150 160 188 0.024019
160 170 214 0.027341
170 180 232 0.029641
180 190 277 0.035390
190 200 284 0.036285
200 210 219 0.0279R0
210 220 231 0.029513
220 230 241 0.030791
230 240 245 0.031302
240 250 293 0.037435
250 260 329 0.042034
260 270 359 0.0458647
270 280 408 0.052127
280 290 420 0.053460
290 300 417 0.053277
300 310 323 0.,041247
310 320 232 0.029641
220 330 209 0.026702
330 340 173 0.022103
340 350 118 0.015076
350 360 146 0.018653
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5800 M at Nares-1I. 21 Ser 884 - 13 Aug B3, Tare 4921/15,

FREQUENCY TARLE FOR TEMPERATURE

LOWER BOUND UFPFER ROUND FREQUENCY RELATIVE FR.
1.70 1,75 0 0.000000
1.75 1.80 0 0.000000
1.80 1.85 0 0.000000
1.85 1,90 0 0.000000
1.90 1.95 0 0.000000
1,95 2,00 ) 0.000000
2.00 2.05 0 0.000000
2,00 2.10 6782 0.8664R8
2.10 2.15 1045 0.133512
24158 2.20 0 0.000000
2.20 225 0 0.000000
2425 2,30 0 0.000000
2.30 2,395 0 0.000000
2.3% 2.40 0 0.000000
2.40 2.45 0 0.000000
2445 2.50 0 0.000000

MEAN 2.07959
STANDARD DEVIATION 0.01086
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5800 M 3t Nares-IT., 21 Sep 84 - 13 Aud 835, Tare 4921/15S.

FREQUENCY TARLE FOR ATTENUATION COEFFICIENT

LOWER BOUND UPPFR ROUND FREQUENCY RELATIVE FR.
0.10 0,15 0 0.000000
0.15 0.20 0 0.000000
0.20 0.25 0 0.000000
0.2 0.30 0 0.000000
0.30 0.35 0 0.000000
0.35 0.40 1224 0.156382
0,40 0.4% 2845 0.366041
0.45 0.50 2594 0.331417
0.50 0.55 1144 0.146161
0.55 0.60 0 0.000000
0.60 0,65 0 0.000000
0.65 0.70 0 0.000000
0.70 0.75 0 0.000000
0.7%5 0.80 0 0.000000

MEAN 0.448R5
STANDARDIY DEVIATION 0.04082
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APPENDIX F

RADIOCHEMICAL STUDIES AT THE NARES ABYSSAL PLAIN:

FIELD STUDIES, NOVEMBER 15,

N. D. LIVINGSTON, L. D SUPPRENANT AND W. R. CLARKE
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FINAL TECHNICAL REPORT

SUBSEABED DISPOSAL PROGRAM

CONTRACT 32-5713

with

Sandia National Laboratories

Albuquerque, New Mexico

Hugh D. Livingston, Lolita D. Surprenant and William R. Clarke
Woods Hole Oceanographic Institution

Woods Hole, Massachusetts 02543

September 1986
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Nares Abyssal Plain Field Studies - November 1985

The decision to terminate the Subseabed Disposal Program occurred during
our FY1986 research program. The impact of this decision for our laboratory
was to restrict our activities to those involved with the 9-15 November 1985
cruise to the Nares Abyssal Plain on R/V ENDEAVOR - as outlined as Task 1 of
the contract. This report is consequently limited to an account of the sample
collection activities on this cruise and does not include any shore-based
analytical results - since these analyses were postponed indefinitely because
of the termination decision,

The objectives of our laboratory on this cruise were as follows:

1) To deploy and test newly developed wire-deployed in-situ pumping systems
for particle and soluble actinide collection.

2) To test and evaluate the performance of different filters and chemisorber
systems (for both actinide and cesium isotope collection).

3) To collect a series of samples at different depths to obtain more detailed
information on the distribution of fallout radionuclides at depths not
sampled in 1984 - to enable more definition of various features of the pro-
files.

4) To deploy prototype passive chemical monitors (PCM) on the Nares-3 mooring
set by the Oregon State University group.

We were more fortunate than other cruise participants in that we were able
to realize a major fraction of these objectives on ENDEAVOR-137. The cruise
was made especially difficult because of the bad weather encountered which
prevented deployment of the mooring on our leg and made the gear deployment
and recovery more difficult. The loss of the CID package, while disastrous
for that program itself, only meant a loss of a supporting hydrographic data
set for our samples - but we have the data collected in 1984 at the Nares site
- 80 the major hydrographic characteristics are well described (assuming inter-
annual differences are not present).

1. Test Deployments of New In-Situ Pumps

Only two of four new pumps were ready for testing on this cruise - the
remainer of the in-situ pumping program was completed using three pumps of an
older design. The new pumps are lighter, more stable, easier to move and
secure, and offer greater access for installation of plumbing fixtures, filter
housings, flow-meters, etc. The start and stop controls of the new pumps were
activated by built-in electronic timers - instead of the separate pinger/timer
controls in the older design. After some teething problems, these functioned
well and represent a significant improvement over the older design in respect
to flexibility and precision. There were some handling problems with the new
pumps related to deploying them on 1/2" wire in bad weather. We expect that
some minor modifications to the techniques used to rig the equipment as it is
hung on the wire will be able to eliminate the problems encountered. The
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deepest semple collected on the cruise, 5720m (Table 1), was collected with a
pump in the new design. The volume pumped (1972 liters) and flow-rate (8.2
liters/minute) were the highest subsurface values obtained on this cruise. We
are satisfied that the new design performed properly in the field and that the
new series of four such pumps extends the overall sampling capability by this
method.

2. Filters and chemisorbers

Three types of filters were used on this cruise. They were:
a) Polypropylene wound-fiber filter cartridges (1lum)-(POLY)
b) Cotton wound-fiber filter cartridges (lum)-(COTTON)
¢) Thin Sheet Membrane Cartridges (9.6um)-(TSM)

The two wound-fiber cartridges are the same nominal pore size., Previous
work had suggested that the cotton filters collected a higher fraction of the
total concentration of radionuclides at any given depth. Filters were deployed
at different depths and in various combinations (Table 1) to be able to assess
the effect of the filter used on the nuclide partition observed between the
dissolved and particulate phases. One issue which was of particular interest
was the following: It is possible that the higher particulate radionuclide
fraction collected by the cotton filters was not simply & result of more effi-
cient collection of the particulate phase. It may be that the reason for the
extra activity collected by the cotton filter was by direct absorption from
the dissolved phase. The cotton fibers themselves may act as absorbers or the
residual dust or soil particles entrained in the fiber may be active surfaces.

Finally, one surface sample was collected using a thin sheet membrane
filter. These filters are supposed to be both inert (with respect to absorp-
tion properties) and highly effective in collection of small particles by fil-
tration at high flow-rates and volumes. The limited time and weather condi-
tions prevented us from collection of additional subsurface filter samples
using this type filter.

Four types of MnO;, absorbers were used. These were used as shown in
Table 1. They were as follows: polypropylene cartridges impregnated with
MnO; as used in 1984 (POLY); the same absorber but prepared without removing
the anti-wetting agent - a tedious, time-consuming process (POLY-no-prefx);
cotton filters loaded with pre-formed MnO, at sea; and polyurethane foam
plugs (2" X 1.5") impregnated by soaking in saturated KMnO4 solutions for S
minutes.

All of these varieties were designed to optimize actinide collection in
one way or another. The use of the filters prepared without removal of the
anti-wetting agent was simply an operational convenience. The cotton absorbers
were used to discover their effectiveness in collection of Pu - as appeared to
have been observed in work in the Pacific. However, the form of fallout Pu
may not be the same in the Atlantic and Pacific so it was considered necessary
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Two manuscripts have been prepared for submission for publication. They

are as follows:

1.

Livingston, H. D. and J. K. Cochran, 1986. Determination of transuranic
and thorium isotopes in ocean water: in solution and in filterable
particles, J. Radioanal. Nucl. Chem., submitted.

. Cochran, J. K., H. D. Livingston, D. J. Hirschberg and L. D. Surprenant,

1986. Natural (232Th, 230Th and 228Th) and anthropogenic (239,240py,
241pm) distributions in the Northwest Atlantic. Earth Planet. Sci. Lett.,
to be submitted.

A copy of the first manuscript is attached to this report, and a copy of the
second one will be forwarded when the final version for submittal is completed.
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EN137 TABLE 1

DEPTH VOLUME RATE
(METERS) (LITERS) (L/min.) PF Mn02 Cs CAST PUMP #
3 2574.2 8.6 TSM Cotton Yes S-1 Ship's SW Supply
3 3350.5 9.8 POLY+ POLY No S-2 " " "
Cotton+
3 1319.1 4,2 POLY FOAM++ No s-3 " " "
K} 1050.3 5.5 Cotton POLY- No S-4 " " "
no-prefx¥xx
3 1179.0 2.9 POLY FOAM++ No S-5 " " "
350 26.5 .2 POLY POLY Yes 1
460 828.9 2.8 POLY FOAM++ Yes 2
550 1584.8 5.3 POLY+ POLY No 2
Cotton+
560 221.8 .7 Cotton Cotton No 2
660 1738.1 5.8 POLY+ POLY No 4
Cotton+
1250 1958.7 6.5 POLY POLY No 4
3500 617.7 »2.1% POLY FOAM++ Yes 4
5720%% 1972.4 8.2 POLY POLY Yes 3

)k
XKK o

++:

pump un-plugged during cast, pumping time uncertain.

depth determined acoustically, others by wire out.

anti wetting agent not removed.
two filters in series, poly first.
Polyurathane foam.
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to test this at the Nares site. A trade-off with the use of the impregnated
cotton cartridges is that although they may be more efficient at Pu collection,
they contain high Th blanks which limits their usefulness when Th is being
measured simultaneously with transuranics. The polyurethane foam plugs are
very easy to prepare - so if they were effective in actinide collection, they
would represent a substantial savings in time spent in preparing the absorbers
for use at sea.

The final new type of absorber tested was a cesium isotope collector.
Although copper ferrocyanide has been used in various ways to absorb cesium
from seawater, it has never been used on filter cartridges. This offered
potential for high flow-rate absorption performance because of the high sur-
face areas available. The copper ferrocyanide was prepared by filtering it
after precipitation from mixing solutions of copper sulfate and potassium
ferrocyanide. The filter cartridge used was the polypropylene wound-fiber
type. It was found that it was necessary to dry the cartridge at 80°C for the
precipitate to be retained when seawater was passed through it. Although we
expect that these cartridges would function fairly well in terms of Cs collec-
tion, we have subsequently refined and improved these techniques. We now use
a cotton filter cartrige as a matrix which we find to retain the precipitate
more effectively and leads to higher collection efficiences. Another advantage
of this matrix is that it does not deform during drying. This problem some-
times led to mechanical losses in absorbers of the polypropylene type. The
current stage of development of these absorbers is such that volumes up to
about 3000 liters may be processed before the absorber becomes saturated.
During processing, at flow-rates up to 6 liters per minute, the efficiency of
cesium collection decreases from an initial value around 90% to about 60% after
2000 liters have been processed.

3. Additional Depth Sampling at Nares

Some additional depths were sampled on this cruise to add to the detsail
obtained from the 1984 cruise. Five depths in the range 350-660m were the most
concentrated detail. 1In addition, the 1250m sample would help define the fall-
out maximum noted at 1500m in 1984. Finally, two deep samples were obtained.
These samples were expected to be especially valuable in respect of confirming
the presence of a deep 137¢g tracer signal. This is an important indication
of advective ventilation of the deep water. Because of the very large volumes
processed through the new style cesium collectors, this signal should be mea-
surable with confidence and precision. It had been our hope to collect almost
three times as many samples from various depths at Nares. However, the combi-
nation of bad weather, pump malfunctions, and handling constraints lead to many
fewer samples being collected than planned.

4, Passive Chemical Monitors (PCMs)

The basic concept of passive chemical monitoring is to devise a chemical
matrix which can be deployed in the ocean at a position where potential radia-
tion leaks from waste disposal operations might occur. Generally such loca-
tions might be monitored on infrequent research cruises to the site. If suit-
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able PCM's are developed which collect specific nuclides slowly from the dis-
solved phase of gseawater, they could potentially detect episodic releases which
might be missed on periodic monitoring cruises. In effect, they would provide
an integrated record over time of the ambient levels of the nuclides being
monitored. The uptake of specific species would be normalized to a naturally
present species in the local environment which also was collected by the PCH.
The type of PCM tested at Nares is a sheet of polyurethane foam impregnated
with MnO, (by a technique similar to that described above for the polyure-
thane filter plugs). Manganese dioxide can collect a range of metals with high
particle reactivities - including the lanthanides and actinides. The idea is
that 230Th can be used to monitor the volume of water processed by the PCM -
since its ambient concentration is measurable. Other species detected by the
PCM would then be measured relative to 230Th - after suitable correction for
differential rates of uptake by different radiocelements. At the Nares site we
intended to test this concept throughout the water column using 230Th and 241am
to demonstrate feasability. From our 1984 studies, we know the distributions
of both nuclides throughout the water column. We would use the amount of 2307y
collected by the PCM to convert the 241pm collected to a concentration value.
This in turn can be compared with the expected value from our previous studies.

Seven PCMs were attached to the NARES-3 mooring at depths ranging from
750m to 5796m. The positions on the mooring are shown in Figure 1. It was
our intention to analyze these samples following the eventual recovery of the
mooring. Presently the collapse of the program has made the recovery plans
uncertain and the future of this study cloudy. We plan on storing the samples
until new funding can be raised to continue this work.

Publications and Presentations

Ironically, the program has stopped at a time when we had just begun to
present some of the results of our actinide scavenging studies at meetings and
in the scientific literature. There are many unanswered questions and addi-
tional measurements required and, in addition, several papers which can be
written on the basis of the work completed so far.

The methodology of actinide collection and particle partition determina-
tion has been presented at two meetings in 1986. These were as follows:

1. American Geophysical Union - Ocean Sciences Meeting, New Orleans, LA (Febru-
ary 1986): Livingston, H. D., J. K. Cochran, L. D. Surprenant and D. J.
Hirschberg, 1985. Actinide distributions and particle associations in the
North American Basin. Eos 66(51): 1293.

2. International Conference on "Low-Level Measurements of Actinides and Long-
Lived Radionuclides in Biological and Environmental Samples," Lund, Sweden
(June 1986): Livingston, H. D. and J. K. Cochran, 1986. Determination of
transuranics and thorium isotopes in ocean water: in solution and in
filterable and sinking particles.

Abstracts of these papers are attached to this report.
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21. Determination of Transuranic and Thorium Isotopes in Ocean
Water: in Solution and in Filterable and Sinking Particles.

H.D. Livingston and J.K. Cochran

Woods Hole Oceanographic Institution
Woods Hole, MA 02543 (U.S.A))

Studies on the oceanic distribution of the actinides are often limited, particularly in
the deep ocean, by analytical limitations in the determination of the very low concentrations
present. This problem is exacerbated when actinide partition is measured between
dissolved and particle-associated phases. Techniques of higher analytical sensitivity or
sampling developments which substantially increase the amounts of actinides available for
analysis yield improvements in the quality of such measurements. We describe recent
sampling techniques which have permitted high-quality determination of actinide
concentrations in Atlantic Ocean waters, at depths down to about 6000 m, in both soluble
phases: suspended particulate phases; and large-settling particle phases.

The actinides represented include the natural series isotopes 228Th, 230Th, and

232Th, and the fallout transuranics 239,240Py and 241Am. We sampled dissolved and
suspended particle phases using wire-mounted electrical pumping systems which have
processed samples of up to 4000 liters, at flow rates of 7 liters per minute. The suspended

particles were first removed by filtration through 1um wound polypropylene-fiber
cartridges. Thorium and Am isotopes were then collected by absorption from the filtrate on
two MnO>j-coated fiber cartridges in series. We collected large-settling particles at four

sequential intervals annually in 0.5 m2 diameter sediment traps deployed at various depths.
Analyses of the actinide content of this material provided data on the fluxes of each actinide
delivered to the deep ocean on large sinking particles.

This paper presents data from various locations in the Western North Atlantic which
demonstrate the effectiveness of the sampling techniques in the development of a
meaningful data set. The data speak to the nature of the processes which control the
movement of these nuclides in the ocean, including physical mixing processes, and those
which involve geochemical scavenging and vertical transport in association with oceanic
particles.

-F1ll-



Actinide Distributions and Particle Associations in
the North American Basin

H. D. Livingston,l J. K. Cochran,2 L. D. Surprenant.1
and D. J. Hirschberg2

ABSTRACT

Distributions of reactive actinides have been measured in solution, sus-
pended particles, settling particles and sediments at the Hatteras and Nares
Abyssal Plains. The data permit a comparison of transient and steady state
particle tracer distributions - fallout transuranics and Th isotopes respec-
tively. We discuss data from water column samples collected by 1) in situ
pumps which filtered 1000-2000 & through 1 um wound-fiber cartridge
prefilters ("particulate"), then two MnO, coated fiber cartridges in series
("dissolved") and 2) Niskin bottles ("total"). Radiochemical analyses showed
that each MnOjy cartridge absorbed Th and 24lpm (but not Pu) efficiently
(~83%) at flow rates up to 7 2/min. The distributions of fallout Pu and

41pm reflect transport primarily by physical processes of ventilation

(traced here by Cs) despite significant transport in association with
settling particles. The major fraction of fallout transuranics is still at
depths shallower than 2000 m. Th isotope distributions result from their
d1ffer1ng modes of input or production and the net effects of scavenging.

28Th concentrations reflect the distribution of 228Ra and are highest in
near-surface and near-bottom waters; 230Th is relatively more depleted in the
ugger ocean with values increasing to 0.8 dpm/1000 % towards the bottom;

Th activities are controlled by the concentrations of suspended particles.
Amongst the factors which affect the partition of these actinides between
"particulate" and "dissolved"” phases of the water column are 1) chemical
reactivity, 2) half-life 3) concentration of suspended particles. The part-
icle association characteristics observed for these actinide tracers show
increasing particle reactivities (as percentage f11terab1e) 1§1ng in the
ranges; Pu: 0.3-1.6, 24lam: 5-11, 228Th: 2-26, 230Th: 5-40, 232Th: 11-100.

Eos 66(51): 1293 (1985)
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APPENDIX G

NARES ABYSSAL PLAIN SEDIMENT FLUX STUDIES,

FY 1986 ANNUAL REPORT, J. DYMOND AND R. W. COLLIER
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NARES ABYSSAL PLAIN SEDIMENT FLUX STUDIES

Mooring NAP-2. _
On 21 September, 1984, a mooring ("NAP-2") was deployed at 23°14.5'N,

64°02.1'W with an approximate bottom depth of 5835 meters. This mooring
contained 6 upward looking traps (@ 720, 1420, 2870, 3785, 4770, 5780
meters) and two inverted traps (@ 2900 and 4800 meters). This mooring was
successfully recovered on 21 November, 1985. The details of this recovery

and the samples are given below.

Mooring NAP-3,

On 22 November, 1985, another shorter trap mooring ("NAP-3") was deployed.
The mooring was similar in design to NAP-1 and has two normal traps at 750

and 4800 meters and an inverted trap at 4830 meters.

Recovery results from NAP-2.

The NAP-2 mooring was deployed from the R/V Endeavor on 21 September, 1984.
This was on of the most detailed moorings ever deployed and its recovery and
instrument performance were very good. The mooring was in the water for 426

days. The following table summarizes the timer settings and recovery

notes:

cup# start date total days
1 9/21/84, 8/30/85 7 + 83 =90
2 9/28/84 84

3 12/21/84 84

4 3/15/85 84

5 6/7/85 84
(recovered 21 November, 1985.)
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Recovery Notes - NAP-2

720 meters (recovery normal, timer worked)
1420 (recovery normal, timer worked)
2820 (recovery normal, timer worked)
2900 [inv.] (cup 1 washed out on recovery, timer worked)
3785 (changer failed, open to cup 2, bulk sample)
4770 (recovery normal, timer worked)
4800 [inv] (cup 1 washed out on recovery, timer worked)
5780 (changer failed when timer flooded, open to
cup 2, bulk sample)

All samples are currently located at the OSU Core Lab in an unprocessed,
unsplit form. We hope to be able to do basic processing work ASAP to
stabilize these valuable samples. As always, we will make splits and data

available to other investigators as time and funds permit.
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APPENDIX H

RADIOCHEMICAL STUDIES AT THE NARES ABYSSAL PLAIN:

NATURAL RADIONUCLIDE RESORTS

J. K. Cochran, O. J. Hirshbert and Mark Dornblaser
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Radiochemical Studies at the Nares Abyssal Plain:
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Marine Sciences Research Center
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Stony Brook, New York 11794-5000
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I. Introduction

This report describes work accomplished during FY 85 on samples of
sea water and bottom sediments collected at the Nares Abyssal Plain. We
participated in the November 1985 cruise (EN-137) aboard the R/V ENDEAVOR
to the Nares Abyssal Plain. Water samples were collected by in situ pump
and by hydrocast. The former were taken for analysis of Th isotopes, Pu
and 241Am, but the analyses have not been carried out this year due to
reductions in funding. The hydrocast samples were taken for in situ
radon, and the initial analyses were made aboard the ship. Details on the
collection and analysis of samples from the cruise are given in Section II.

Sediment studies completed this year involved samples collected in
September, 1984 aboard the R/V ENDEAVOR (EN-121) and in February, 1984 by
the R/V TYRO. This work forms the bulk of a Masters thesis by Mark
Dornblaser. The results are summarized in Section III and the thesis
manuscript is included as Appendix A.

Two manuscripts have been prepared this year in collaboration with
Dr. Hugh Livingston. The first involves the details of the in situ
pumping and subsequent laboratory analyses and has been submitted to the
Journal of Radioanalytical and Nuclear Chemistry. This manuscript is
included as Appendix B. The second manuscript describes the initial pump
results at Nares. We expect to submit it during Fall, 1986, to Earth and
Planetary Science Letters.

IT. Cruise Report EN-137, San Juan to San Juan, Puerto Rico

Geochemical sampling during R/V ENDEAVOR Cruise EN-137 consisted of
in situ pumping, deployments of passive chemical monitors (PCM’s) on OSU
moorings and water casts for bottom radon. Personnel for Leg I included
K. Cochran (SUNY), D. Hirschberg (SUNY), L. Surprenant (WHOI) and W.
Clarke (WHOI). Mr. Hirschberg remained on board for Leg II. The original
cruise plan called for all geochemistry to be accomplished during Leg I.
Severe weather forced the PCM deployments and radon casts to be moved to
Leg II and reduced the number of pump samples taken on Leg I. This report
details the in situ pumping and radon casts.
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A. In Situ Pumps

The in situ pumps sample large volumes of sea water for reactive
chemical species, particularly the Th isotopes, Pu and 241Am. Sea water
is pumped through a cartridge prefilter to separate the particles, then
through chemically treated cartridges which extract dissolved
radionuclides from solution. Our goals for the pumping were 1) to compare
the retention of particles on membrane and cotton and polypropylene wound
fiber prefilters, 2) to assess the efficiency of extraction of Pu from
solution onto different manganese oxide substrates and at different flow
rates and 3) to add to the pumping system a cartridge designed to scavenge
dissolved 137Cs. Table 1 lists the samples recovered on four pump casts

at Nares.
B. Passive chemical monitors (PCM’s)

These are rectangular pieces of polypropylene foam which have been
soaked in a hot KMnO4 solution to coat them with Mn02. They are designed
to passively adsorb radionuclides from sea water during their deployment.
Analysis of the foam after retrieval permits assessment of nuclide
concentrations and activity ratios. For cruise EN-137, PCM’s were
prepared in Dr. Hugh Livingston’s laboratory and were deployed on the
current meter/sediment trap mooring set out during Leg II. Figure 1 shows
the depths of deployment. At the time of this report, the mooring remains
deployed and no PCM analyses have been made.

C. Radon casts

Radon sampling was originally planned using 10 Titer Niskin bottles
on the CTD. The loss of this instrument and the rough weather on Leg I
forced us to reschedule the radon casts for Leg II and to use 30 Titer
Niskin bottles hung on the hydrowire. Two such hydrocasts were made,
emphasizing sampling in the bottom ~400 meters. A CTD cast using 5 liter
bottles was made in the bottom 1000 meters and bottles were combined to
make 10-15 Titer samples. Table 2 lists samples taken for radon.
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Subsequent inspection of the radon and nutrient data revealed that
cast 1 had pre-tripped near the bottom, but not in the bottom 100 meters
as intended. Because temperature data were limited, we do not know the
precise depths of these samples.

Initial radon extractions were performed on board the ship by
circulating He through the samples. The radon was stripped from solution,
collected on charcoal and subsequently transferred to a scintilation cell
for counting. A few of the water samples were returned to the laboratory
for 226Ra analysis. 222Rn and 226Ra were allowed to reach secular
equilibrium, and the radon was extracted and counted following the
procedure outlined above. The blank-corrected data are given in Table 3.
Excess 222Rn is evident in the bottom 150 m and Figure 2 shows the
profile. Samples from cast 1 are excluded from Table 3 because the cast
pre-tripped. Because casts 2 and 3 were designed to sample higher in the
water column, data coverage is not the optimium in the bottom 100 m.
Nevertheless, a trend of increasing excess 222Rn is seen toward the sea
floor, and the values agree well with previous TTO measurements.

222Rn vs. depth above the

Figure 3 shows a semi-log plot of excess
bottom. From such a plot, it is possible to calculate the vertical eddy
diffusion coefficient. The approach taken assumes that, in steady state,

mixing is balanced by radioactive decay:

K, 8%C - AC = 0 (1)
az2
The solution to eq (1) is
¢ = ¢, exp [ay/% 2] (2)
° (k)
z
Where C = activity of excess 222Rn at depth z
Co = activity of excess 222Rn at the sea floor

= decay constant for 222Rn

A
K, = vertical eddy diffusion coefficient
z = depth above the bottom.
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Applying eq (2) to the data in Figufe 2 gives a value for KZ of 39
cmz/sec. In comparison, values calculated for TT0 stations 20, 22 and 24
range from 5 to 73 cmz/sec. Station 24 corresponds to the Nares-1 site
and the value of 73 cm2/sec is similar to that of 39 cmz/sec measured
here. It should be kept in mind that 222Rn reaches a steady state in
about two weeks and there may be significant temporal changes in eddy
diffusion when profiles are measured years apart.

II1I. Sediment Studies

Sediment studies which were begun last year and have been completed
this year have focused on 1) the chronologies of particle mixing by
organisms and accumulation of Nares sediments and 2) the construction of
radionuclide mass balances. This work forms the basis of the Master’s
thesis of Mr. Mark Dornblaser and is attached as Appendix A. This section
summarizes briefly the results of that study.

226Ra were made on box core subcores

Additional analyses of 210Pb and
collected by the R/V TYRO in February, 1984. Previous analyses of these
cores indicate that excess 210Pb decreases rapidly below the sediment-
water interface and the additional results presented in Appendix A confirm
210Pb and 226

in the cores. Particle mixing coefficients have been calculated from the

this pattern; Ra appear to be in equilibrium by 4-5 cm depth
new data and the range of values, .01-.17 cmz/y, remains near the low end
for deep-sea sediments.

Radiochemical and other solid phase analyses (bulk density, Fe, Mn
content) were made on gravity core GC-1 collected in September, 1984 on
the R/V ENDEAVOR. The core has excess 230
length but the activities are low and erratic. Moreover, Ra is
230Th even at depths of 170 cm. This
suggests that the core represents a series of turbidite which have been

Th present throughout its 170 cm
226

deficient with respect to its parent

deposited during the past 10,000 years. The average sediment accumulation
rate is ~20 cm/ky, a value in agreement with Kuijpers'(1985) results and
consistent with the location of the core in the path of turbidity flows in
the Nares Abyssal Plain (see Appendix A, Figure 1).
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Depending on the organic content of a turbidlite, oxidation of
the organic matter can cause oxidation fronts to be set up in the
sediments. Manganese and migrating 226Ra are trapped at these oxidation
fronts and core GCl1 shows a good example of such a feature at ~40 cm

depth.

The second goal in this study has been the evaluation of radionuclide
mass balances. At Nares, this is perhaps best done for 210Pb and involves
balancing removal of 210Pb from the water column with the fluxes measured
in sediment traps and in bottom sediments. Removal of 210Pb from the
water column is estimated at ~-70 atoms/cmz/min. In comparison only 16
atoms/cmz/min are collected in a sediment trap at 4832 m and sediment
fluxes are 7-14 atoms/cmz/min. Thus it appears that only about 20% of the
210Pb removed from the water column is accumulating at Nares; the
remainder must be transported away and is probably removed at ocean
boundaries such as mid-ocean ridges or the continental shelf-slope.

For 230Th, the situation is similar in that the sediment traps record
less than the removal from the overlying water column. In this case the
figure is ~80%. We do not believe that this represents a trapping
efficiency less than 100% because Bacon et al. (1985) report similar
values for different type traps deployed near Bermuda. Rather, the Tower
values reflect scavenging removal of some of the 230Th at sites away from

the Nares Abyssal Plain.
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OSU MOORING NARES-3 6

Intended
Depths INSTALLED 22 NOVEMBER 1985
Radio Buoy POSITION 23° 15.07' N
685m 64° 02.07' W
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Figure 1. O0SU current meter and sediment
trap moorinc at Nares. Depths
of deployment of passive chemical
—— PCM #B monitors (PCM's) are indicated.
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Figure 2, 222pn activity plotted against height above bottom at the Nares Abyssal Plain.
Solid circles = in situ 222Rn activity
Open squares = 226Ra activity
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Figure 3. Excess 222Rn vs. height above bottom at Nares. Vertical eddy
diffusion coefficient calculated from the data is 39 cm?/sec.
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Table 1. In situ pump samplies taken during EN-137 Leg I.
Cast Depth Volume Prefilter MnO2 Filter Cs
(m) (2) Type** Type**
1 350 27.1 Poly Poly Yes
2 460 848.1 Poly Foam Yes
2 550 1622.5 Poly+Cotton Poly No
2 560 227.1 Cotton Cotton No
3 5670 - Poly Poly Yes
3 5720 2019.3 Poly Poly Yes
4 660 1779.4 Poly+Cotton Poly No
4 1250 2005.3 Poly Poly No
4 3500 632.4 Poly Foam Yes
S-1 3 2635.4 TSM Cotton Yes
S-2 3 3430.1 Poly+Cotton Poly No
S-3 3 1350.4 Poly Foam No
S-4 3 1075.3 Cotton Poly No
S-5 3 1207.1 Poly Foam No

*  Surface water samples using deck pump.

** Filter key:

Poly = wound polypropylene fiber cartridge,

cotton = wound cotton fiber cartridge, TSM = membrane filter.
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Table 2. Water casts for radon.

Cast Bottle Depth*

Cast Information

1 5834
5824
5814
5804
5794
5779
5764
5749

2 5832
5802
5772
5742
5712
5682
5652
5622
5592
5562

3 4950
5149
5300
5449

(66)
(81)
(96)

(13)

(43)

(73)

(103)
(133)
(163)
(193)
(223)
(253)
(283)

(895)
(696)
(545)
(396)

23°18793"N, 63°57'92"W
2136 11/20/85 local time
Bottom depth = 5845 m

30 liter Niskin bottles

23°17775"N, 64°10705"W
1830 11/24/85 local time
Bottom depth = 5845 m

23°12'88"N, 64°07'71"W

1130 11/25/85 local time

5 liter Niskins on rosette
with CTD

* Values in parentheses are depths above bottom (m).

-H13-



Table 3. Nares in situ radon data.

Depth Meters 222Rn 226Ra
(m) above bottom (dpm/1002) (dpm/1002)
4950 895 13.3+1.3 15.0£1.5
5149 696 15.521.6 n.m.
5300 545 18.4+1.8 19.0+1.9
5449 396 16.4t1.6 19.011.9
5562 283 22.212.2 n.m.
5592 253 21.422.1 n.m.
5622 223 16.3t1.6 n.m.
5652 193 16.921.7 n.m.
5682 163 18.111.8 17.5+1.
5712 133 19.5%1.9 18.5+1.0
5742 103 20.712.1 n.m.
5802 43 26.5t2.6 n.m.
n.m. = not measured
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Abstract:

Excess 230y activities were recorded throughout the length
of a gravity core collected on the Nares Abyssal Plain.
Activities were low and erratic, suggesting that the
sedimentary sequence is comprised of a series of rapidly
deposited turbidites separated by poorly-defined layers of
pelagic sedimentation. 230qh ang 226Ra are in disequilibrium as
deep as 170cm, suggesting that the entire length of the core has
been dGeposited within the last 10,000 years. This indicates an
overall accumulation rate as great as 10-20 cm/ky. 210pp ana
2301y palances were made by comparing water column removal to
measured sediment trap fluxes and sediment inventories. The
seciment trap collected 29% of the expected 210pp flux and 80% of
the expected 23OTh flux. The sediments recorded 12% of the 210Pb
and 15% of the 230Th. It is concluded that 210pb and 230, are

removed from the ocean interior by horizontal transport and

scavenged at ocean boundaries.
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I. Introduction

A wide variety of chemical, physical, and biological
processes affect particles sinking through the water column from
the surface until they are buried in the sediments. Chemical
species undergo transformations between organic and inorganic
forms and dissolved and particulate forms, as well as adsorption
and desorption reactions and oxidation state changes, and are
affected by physical processes such as eddy diffusion anc
advective transport. Once a particle reaches the sediments it can
be affected by such processes as bioturbation, resuspension, and
sediment winnowing and focussing.

The purpose of this study has been to investigate both the
processes that transform ancé transport particulate matter and the
rates of removal of reactive chemical species from the oceans.
The long term objective of this kind of research is to understand
the flux of materials on the scale of the world's oceans. To
reach such an end, we must first identify the controlling
processes and measure their rates. Fortunately, the processes
involved may be approached from an analytical standpoint with the
use of radioisotopic disequilibrium studies. The radionuclides
commonly used in these studies are known as "particle-reactive”
nucl ides. They exhibit an affinity for particles, and it is this
trait that makes them so useful in the study of oceanic
processes. In order to describe and measure the removal of
radionucliGes from the water column, information is needed on

fluxes through the water column, the partitioning between
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particles and solution, and the quantities of radionuclides in
sea floor sediments. One can calculate these "inventories"™ by
integrating their activity profiles over the sediment column.
Inventory differences between cores provide information about
spatial heterogeneities in particle fluxes and physical reworking
(Aller and DeMaster, 1984).

In this research, sediment core, sediment trap, ancé seawater
samples from the western North Atlantic have been analyzed for
uranium and thorium series nuclides. Sediment cores yield
infcrmation on sedimentation rates and the depth and rate of
biological stirring. Bioturbation is important in that surface
sediment stirring determines benthic fluxes to the water column
and modifies the material preserved in the sediments. For many
elements, benthic fluxes can be large enough to greatly impact
global chemical mass balances (National Research Council, 1984).
Sediment traps and seawater samples provide information on mass
and nuclide fluxes through the water column. These water column
nuclide fluxes provide data on biological cycling as well as
chemical and physical cycling since it has been shown that the
radionuclide fluxes covary with the total material fluxes (Bacon,
1984; Deuser, 1984; Bacon et al., 1985).

One of the most useful aspects of this type of research is
that the data may be brought together to construct a geochemical
balance for the radionuclides. Measured sediment trap fluxes and
sediment inventories may be compared to the water column fluxes
expected from the known radionuclide inputs. If the fluxes do not

balance, much can be learned about such things as benthic
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regeneration (Dymond, 1984), sediment trap efficiencies, and
horizontal transport (Buesseler et al., 1985).

Knowledge of the deep sea geochemistry of metals has become
increasingly important as nations such as the United States have
begun considering the possibility of using deep sea sediments as
a repository for high level radioactive waste (Nozaki et al.,
1981). Radionuclides such as 230ph are useful in developing
models for removal of heavy metals because of their constant
input and particle reactivity. It is hoped that this research
will increase the understanding not only of materials cycling in
general but also of processes specifically relevant to a region
that is under consideration as a high level radiocactive waste

tepbsitory.

A. Study Area

The Nares Abyssal Plain (NAP) is locatea north of Puerto
Rico in the western North Atlantic (Figure 1). It extends about
800 km from east to west and about 200-400 km from north to south
(Thomson et al., 1984). It is bordered to the north by the
Bermuda Rise and to the south by theGreater Antilles Outer
Ridge. Its depth ranges from 5800 m to nearly 6000 m with an
eastward sloping sea floor having a gradient of about 1:4000
(Tucholke, 1980). The NAP is essentially flat and is interrupted
only by occasional basement highs and volcanic peaks (Shipley,
1978). One of the most interesting features of the NAP is that
the sediments often exhibit a layered sequence c~~.enponding to
two main types of clay. One is a brown clay, considered pelagic

in origin, and the other is a coarse grey clay, considered to be
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turbiditic in origin (Shipley, 1978).

B. Geochemistry of Radioisotopes
The naturally occurring radionuclides of interest in this
research belong to the uranium and thorium decay series.
Following is a brief discussion of their geochemical behavior anc

their uses in this project.

l. Uranium
The uranium isotopes of interest are primordial 238y

(t1/2=4.5x109y) and 234y (t1/2=2.5x105y). Uranium is present in
solution as uranyl carbonate (UOZ(CO3)34'), which is formed
during chemical weathering and enters the ocean through river
input. Since uranyl carbonate is quite soluble, the uranium
isotopes have a long residence time in the ocean, on the order of
400,000 years. This allows the use of their daughters as tracers
of oceanic processes because the activity of uranium is
essentially constant. The uranium isotopes are used to correct
their daughters' activities to that which is unsupported from
uranium decay. They are also important in tracing the deposition
of turbidites in deep sea cores. The oxidation of organic carbon
from bottom water oxygen proceeds from the tops of the turbidites
downwards. Uranium redistributes itself to form a concentration
peak below the oxidation front, and it isthismarker that aids

in the detection of turbidites.
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2. Thorium

The thorium isotopes of interest are primordial 232qy,
(t;/2=1.4x1010) and 230rh (t),,=7.5x10%y). Very little 232Th is
found in seawater. Some mobilization of thorium occurs during
weathering, but most of the thorium that enters the ocean by way
of rivers is in particulate form (Cochran, 1982a). 2307y also
enters the ocean through in situ decay of its parent, 234y,
Thorium is a particle reactive element and it is quickly taken up
by particles and removed from the water column via settling
(Bacon and Anderson, 1982). This process was referred to by
Golaberg (1954) as "scavenging”. The major scavenging processes
include adsorption, co-precipitation with Mn ané Fe oxides, ion
exchange, and incorporation into the shells of plankton (Cochran,
1982a; Riley and Chester, 1971).

One of the major uses of 230Th is as a chronometer for
determining deep-sea sediment accumulation rates. Due to its long
half-life, 230Th retains measurable levels of activity deep into
the sediments (assuming sedimentation rates on the order of
cm/ky). All radioactive isotopes decay exponentially according to
the following equation:

A = AOe™At (1)
where A is activity, A® is initial, or surface activity,‘A is the
decay constant, and t is time. For deep sea sediments, t in eq.
(1) can be replaced by x/s (assuming a constant sediment
accumul ation rate and porosity), where x is the depth in the
sediment and s is the sedimentation rate. Replacing t in eq. (1)
and solving, one obtains

1n(A) = 1n(A®) - A (x/s) (2)
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Equation (2) is a straight line on a plot of 1In(A),g vs. depth,
with a slope of - A/s. (The subscript xs refers to excess
activity, that which is unsupported from the parent nuclide.)
Since A is known, all one has to do to obtainthe sedimentation
rate is measure 230ph activities with depth ina core and plot
them. There are, however, three assumptions made when using this
method (Turekian and Cochran, 1978): 1l)the activity at the
sediment/water interface (A°) is constant, 2)the sedimentation
rate anc the flux of 230Th to the sediment/water interface are
constant, and 3)there is no chemical migration of thorium.
According to Bonatti et al. (1971), thorium is not affectead by
diagenetic mobility. Furthermore, for a given site in the deep
sea, the other assumptions are generally valid (at least on a
thousand year time scale) unless the sediment record has been
affectea by the deposition of turbidites. As will be discussed
later, this appears to be the case for much of the NAP, thus
making it exceecingly difficult to derive any meaningful
sedaimentation rates.

Another useful piece of information obtainea from 2307y,
activity profiles in sediments is the depth of continuous mixing
by benthic organisms (Cochran, 1982b). Benthic fauna rework the
uppei few centimeters of deep sea sediments on a time scale that
is rapid relative to the half-life of 2307,, fThe mixing process
alters the activity profile such that the 230y activity remains
virtually constant over the depth in which the mixing occurs
(Cochran and Krishnaswami, 1980). Thus one can read the depth of

continuous mixing from the 230, profile.
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Given 2307y sediment trapdata it also may be possible to
calibrate the collection efficiency of sediment traps. Because
the uranium concentration in seawater is constant, one can
predict what the measured flux of 2307h should be. One simply
integrates the 234y activity over the height of the water column.
Any discrepancies between the measured and theoretical fluxes can
be attributed to trapping inefficiencies, assuming horizontal
transport to be negligible (Knauer et al., 1979; Brewer et al.,
1980). It will be shown in a later section, however, that this
may not be a valid assumption for the area under consideration.

Lastly, sediment inventories of 2307, can be calculated from
a sediment activity profile. As previously stated, these
inventories can be used, along with water column flux
calculations, to construct a geochemical balance for the nuclide.
If the transport of thorium on sinking particles is primarily
vertical, then inventories should balance fluxes, assuming the
fluxes are constant over large time periods. It has recently been
shown, however, that horizontal transport can be a major removal
mechanism of particles from the deep sea (Anderson et al.,
1983b). Other processes that can contribute to deviations from a
balance include sediment focussing, winnowing, or bottom

transport of sediments by turbidites (Cochran and Osmond, 1976).

3. Radium
The radium isotope of interest is 226Ra (t; ,,=1622y). Some
radium enters the oceans via rivers, but most of it enters the
ocean from 230, decay and recoil in the sediments (Cochran,

1982a). In marine sediments, 226Ra/230'1‘h activity ratios are
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typically less than one near the sediment/water interface due to
the diffusion of 226Ra into the overlying water. The activity
ratio grows to one at depth in the sediment (Cochran and
Krishnaswami, 1980). Radium activities are used to calculate the

unsupported activities of its daughters, such as 210pp,

4. Lead

The major lead isotope of interest is 210pp (£)2=22.3y). A
significant source of 210pp to the surface ocean is the
atmosphere, where it is produced from the decay of 222gn. Rivers
supply 210p}, to the oceans in the particulate phase and it is
also produced in situ from the decay of 226R, (through 222Rn).
210Pb, like 230Th, is a particle reactive isotope. Its residence
time in the deepr sea is on the order of 15-100 years (Spencer et
al., 1981).

210Pbxs gradients in deep-sea sediments can be used to
determine particle mixing rates. The most common approach to
measuring such rates treats the mixing process like eday
diffusion. As in the case of %30Th, a geochemical balance may be
constructed for 21on. using sediment trap, water column, anc
sediment inventory data. Since both 2301h ang 210pp are particle
reactive, a comparison of the results obtained from each set of
budget calculations provides information on horizontal vs.

vertical transport of radionuclides on different time scales.
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II. Methods

A. Gravity core

One 2 mgravity core (GC-1) was obtained from the Nares
Abyssal Plain (cruise EN-121, September 1984) at 5800 m (see
Figures 1 and 2). The core was cut into four 50 cm sections and
frozen for storage. The sections were split vertically. One set
of sections was used to obtain samples and the other set remained
frozen. Initially, 12 randomly spaced samples were withdrawn from
the core with an open-endea 30 cc syringe. In order to insert the
syringe, the core had to be slightly thawed, but was returned to
the freezer immediately after sampling. Volumes of the samples
withdrawn were noted and later used to calculate dry densities.
The samples were weighed, placed in 250 ml acid washed Pyrex
beakers, and put in an oven at 80°C to dry overnight. The samrles
were then reweighed, ground by hand, stored in plastic bags, and
then analyzed for radionuclides as described below. Aliquots of
these samples were sent to Oregon State University for
radiochemical, trace metal, and organic carbon analysis. Later in
the course of research, additional samples were taken from GC-1

for iron and manganese analysis.

B. Box Cores
Box cores were collected during the February 1984 cruise of
the R/V Tyro (see Figure 2). A 10 cm diameter subcore of each box
core was shipped to Woods Hole Oceanographic Institution (WHOI).

There each subcore was sampled in 1-2 cm increments. The samples
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were dried at 110°C, ground, and preliminary nondestructive 210py,

and 226Rra assays were made at WHOI (Cochran and Livingston, 1985)
using a planar germanium detector for 210ph ang a coaxial Ge(Li)
detector for 226Ra. Approximately 0.5 g of sediment was then
reserved for radiochemical analyses of 21°Pb, 226Ra, Th, and U

isotopes at SUNY, Stony Brook.

C. Sediment Traps

Sediment trap samples were collected from cruise EN-121 of
the R/V Endeavor. The trap mooring consisted of two upward-
looking sediment traps (at 1463m and 4832m) and one downward-
facing trap (at 4862m) (Dymond and Collier, 1986). The traps were
of the standard 5-cup OSU design (Moser et al., 1986). Each cup
sampled for approximately 80 days; total deployment time was
thirteen months. Analyses of NAP sediment trap samples were
carried out by David Hirschberg of SUNY, Stony Broock. The
analytical procedures for the samples are the same as those
described for sediments below (Krishnaswami and Sarin, 1976;

Flynn, 1968; Livingston et al., 1975).

D. Radiochemical Procedure
The radiochemical analysis for sediments is based on the
210ps method described in Krishnaswami and Sarin (1976). A 208p,
tracer (SBP6, 0.5ml) and 0.5 ml of a 232U/228Th tracer were added
to 0.5g of dried sediment. The samples were then dissolved in
HCl, BNO;, and HF acids. The samples were brought up in 50 ml of

1.5 N HCl in preparation for 210py, analysis. Polonium was auto-
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plated onto silver disks according to the method of Flynn (1968).
Ascorbic acid was added to the samples to reduce iron and prevent
it from plating. The samples were plated for three hoursinan
80°C water bath. The polonium was counted on a Canberra Quad
Alpha Spectrometer, Model 7404. In order to calculate the
activity of the polonium from the counts measured on the
spectrometer, the following equation is used:
By1p = (€C210/Co08) X Bpgg/exP(-At) x (v/m) (3)
where: A, g = activity of 210py at time of
plating (dpm/g)
(C210/C208) = ratic of 210py counts to 298po counts,
corrected for background
Aypg = activity of 208po at midpoint
of counting (dpm/g)
A = decay constant for 210p,
t = time between counting and plating
v = volume of tracer used

m = mass of sample

Errors represent 10 counting statistics.

The sample solutions remaining after the plating of polonium
were saved for 226Ra analysis by a standarad 222pn emanation
technique (Mathieu, 1977). The solutions were purged with He for
30 minutes to remove any radon present inthe sample. The
solutions were then allowed to sit for at least twoweeks to let
radium and radon grow into secular equilibrium. At that time He
was recirculated through the solution for 30 minutes to extract

dissolved radon from the sample. The radon was adsorbed onto an

-H27-



activated charcoal column at -60°C in an isopfopanol/dry ice
bath. The column was heated in an oven at 475°C to drive the
radon off the column and into an evacuated glass scintillation
cell. At this point the cells were allowed to sit for about three
hours until 222Rn came into secular equilibrium with its short-
lived daughters 218Po and 214Po. The activity of the cell was
then counted on an Appliec Technigues Co. Dual Radon Counter
mocgel DRC-MK-6. Finally, the activity was calculated from the
following equation:
Byge = l{cpm/3(1l-exp(-At;)) (exp(-Aty))E}-B]/m (4)
where: Ajoe = activity of 226p, (dpm/g)

cpm = counts per minute

A = decay constant for 222gp

t; = time between extraction and purging
t, = time between counting and extraction
E = counting efficiency

E = blank

m sample mass
Counting efficiencies for each cell and counter combination were
determined by runs of an NBS 226Rs standard. Blank determinations
were made on distilled water blanks extracted like samples. Blank
and éfficiency values have been entered into a computer program
designed to simpl ify the 226p, activity calculations. From
repeated laboratory measurements, overall experimental errors are
approximately 10%.

Follow ing 226, analysis, BNO; and H,0, were added to the

sample solutions to decompose the ascorbic acid. The samples were

brought up to 30 ml with 8 NHC1 in preparation for addition to
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ion exchange columns, which separate uranium from thorium. The 10
ml columns were filled with AGl1X8 100-200 mesh anion resin and
conditioned with 50 ml of 8 NHCl. The samples were then added
and the columns were washed with 65 ml of 8 NHC1; the eluted
thorium fraction was saved for further purification. Uranium was
eluted from the columns in 70 ml of .02 N HCl. The thorium
fraction was taken to dryness, treatedwith aqua regia and 8 N
HNO3, and finally brought up to 30 ml with 8 N HNO; prior to
addition to a thorium clean-up column. For this column, the resin
was conditioned with 50 ml of concentrated HNO3. Then the samfple
was added, the column was washed with 65 ml of 8 NHNO3, and
finally the thorium was eluted with 70 ml1l of 8 NHCI.

The uranium fraction was taken to dryness and dissolved in
10 ml of 8 N HNO; prior to adéition to uranium clean-up columns.
The resin was conditioned as with the thorium-clean up columns.
The sample was added, the columns were washedwith 20 ml1 of 8 N
HNO3, and finally uranium was eluted with 70 ml of .02 N HCI.

The purified uranium and thorium fractions are plated onto
stainless steel cisks following the method of Livingston et al.
(1975). The samples were plated for two hours at 1 amp. After
plating, the disks were placed in the Canberra Quad Alpha
Spectrometer for counting.

Af ter counting, 232qp ang 2301y activities can be calculated
using the following equations. They are written for 232Th, but

the procedure for 230p, ig the same:
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Ajy3p = (C32/Cozg) X Aypg x (V/m) (5)
where: A232 = activity of 232Th (dpm/g)

ratio of 232Th counts to 228Th counts,

(C232/C228)
corrected for background. 2281, counts

are also corrected for 224Ra decays
which occur in 2287p peak energies and
for natural 228Th in the sampl e.
Ar,pg = activity of 2281y at the time of
U/Th separation (dpm/ml)
v = volume of tracer used

m = mass of sample

The activities of 238y and 234y are calculated (af ter
counting) accorcing to the following equations. Here again, both
isotopes' activities are calculated in the same manner:

A23p = (C238/C232) X RApzp ¥ (v/m) (6)

where: A,3g = activity of 238y (apm/g)

(Cp38/C233) = ratio of 238y counts to 232U counts,

corrected for background

Ap3p = activity of 232y at time of
counting (dpm/ml)

v = tracer volume used

mass of sample

]
]

E. X-radiographs
Radiographs of frozen GC-1 sections were made using Kodak SB
panoramic dental X-ray film and a tungsten X-ray source. The X-

ray film was placed directly under the core liner and the X-ray
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source was set about 1 m from the film. Exposure time was

approximately 0.5 sec.

F. Iron and Manganese

GC-1 was analyzed for the metals Mn and Fe with standard
atomic absorption techniques. In preparation for AA analysis, 0.1
g amounts of sample were completely dissolved in HCl, HNO;, and
HF. In addition to the GC-1 samples that were analyzed, two
replicates of NBS SRM 1645 River Sediment and one sample of
Canadian MESS-1 Marine Sediment were run.

For Kn analysis, the dissolved samples were brought up to
100 ml (in volumetric flasks) with 1.5 N HCl. An NBS Mn stock
standaré of 1000 ppm was used to make up standards of 0.5, 1.0,
1.5, 2.5, and 3.0 ppm. From these standards, a standard curve was
generated from which a regression equation was determined to
calculate sample concentrations. The standards and samples were
run on a Perkin Elmer model 5000 Atomic Absorption
Spectrophotometer. For Mn, the samples were run with the
background corrector and a coarse screen was used to block part
of the lamp energy.

The sample solutions were diluted prior to the Fe runs. Five
ml of the soclutions were brought up to 100 ml with 1.5 N HCl. An
NBS stock solution of 1000 ppm was used to make standards of 1.0,
2.0, 3.0, 4.0, and 5.0 ppm. As with Mn, a standard curve was
generated to determine sample concentrations. The background

corrector was used for Fe as well.
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G. Water Column

Nine water column samples from the NAP were analyzed for
210pp, The samples were collected from cruise EN-121 of the R/V
Endeavor by paired 30 L Niskin samplers. The paired samples were
combined into Delex containers and acidified on board. The
samples were then shipped to WHOI. Approximately 4 L of each
sample was saved for analysis at MSRC, SUNY, Stony Brook. To each
sample was aaded 0.2 ml of the 208p, tracer SBP6, 0.5 ml of
Galena Pb carrier, and 2.0 ml of an Fe carrier (5.0 g FeCl3*6H,0
in 100 ml 8 N HCl). The pE of the samples was then raised to
about 7-8 with NH,OH to precipitate the lead. The precipitates
were collected and dissolved in 50 ml 1.5 N HCl. Polonium weas
Flated from these solutions according to the procedure previously
described for sediments.

226Ra analyses of a few NAP deep water samples were also
carriea out by David Hirschberg of MSRC by the 222pn emanation
technique (Mathieu, 1977). In order to determine the removal of
210pp from the water column a complete 226pa profile was needed.
The 226Ra profile was calculated from silica data (GEOSECS
Station 32) since it has been shown that 226Ra and Si covary
(Baqon et al., 1976). The equation used to calculate 226Ra values
was: Ra (dpm/100kg) = 6.91 + .217*si (um/kg) (Bacon et al.,
1976) .
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JII. Results

Tables 1 anc 2 present radiochemical data and activity
ratios for Box Core 32. The radiochemical data for the remaining
box cores are given in Table 3. 210pp and 210pp,_ values for all
box cores have been decay corrected to the time of collection.
Excess 230Th in BC32 exhibits a relatively constant activity in
the upper few centimeters and then drops significantly (see
Figure 6). Excess 210pp activities for this core dr op
dramatically from the sediment/water interface downwards. The
activity ratios for BC32 (Table 2) present the expected trends.
210Pb/22& activity ratios decrease to one and 226Ra/23°Th
activity ratios increase to one. Table 3 indicates an order of
magnitude variability in surficial excess 210py, activities.
Excess 210pp profiles of the cores used to calculate mixing
coefficients are plotted in Figure 3. The mixing coefficients
determined for the NAP cores fall at the low end of the range of
0.04-0.4 cm?/y calculated by DeMaster and Cochran (1982) for
Atlantic, Pacific, and Antarctic Ocean cores.

Radiochemical data and activity ratios for GC-1 are given in
Tables 5 and 6, respectively. In Figure 4 the 230Thxs profile is
presented, along with sediment color and X-ray information.
Excess 230m jis calculated by subtracting the measured 234y
activity from the measured 230y activity. This represents the
activity of 2307 which is unsupported from the decay of its
parent, 234y, Similarly, excess 210ph js calculated as the

measured 210pp activity minus the measured 226p, activity. The
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problem with this calculation of excess 210pp ijs that it ignores
the possibility of 222pp migration out of the sediments (Cochran,
1985). However, since in situ 222rn data are not available,
excess ?10pp is calculated relative to 22%Ra. Cochran (1985)
found that such a simplification dic¢ not drastically affect the
calculation of mixing coefficients and in this study all but one
of the mixing coefficients are estimated to be within a factor of
two of what they would be using 222pp to calculate excess 210pb.

Iron and manganese data for GC-1 are given in Table 7 ana
Flotted in Figure 5, along with organic carbon data. In Table 7,
standard deviations of the analyses of five replicate samples at
the 97-99 cm depth interval were applied to all other depths as a
percent error. The NBS concentration recorded in the table is an
average of two replicates. The manganese profile in Figure 5
shows a large maximum at 40 cm and consistently lower values
deeper in the core. The iron profile is more erratic, with values
falling in the range of 2-6%. Organic carbon content averages
0.2-0.3% with a maximum at 88 cm.

The sediment inventory data for 210pp jnall cores is found
in Table 9. Inventories were determined by integrating the
actiéity of excess 210pp with depth. For these calculations, a
dry bulk density of 0.78 g/cm3 was used. This was the density
determined for the uppermost sample in GC-1 (Table 5). In the
cases where the excess 210pb activities did not decrease to near
zero in the intervals sampled (BC09, BCl15, and BC25),
extrapolations were made to calculate inventories by fitting

curves to the profiles. In core BC32, continuous intervals were
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not sampled fcr 210pp, Therefore, intermediate activities were
interpolatecd linearly from surrounding activities in order to

calculate the inventory.
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IV. Discussion

A. Sediments
l. Particle Mixing Rates

Tables 1 and 3 present the radiochemical data used to
calculate particle mixing rates. The data indicate an order of
magnitude range in the surficial excess 210pp activities
measured. The possible reasons for the observed variability are
as follows: l)there is actual variability in the 210py activity
of the sediments being deposited, 2)there is a loss of the
uppermost section of the core due to recovery problems, and
3)there is spatial variability in the particle mixing rate. The
sedimentary environment of the NAP is complex (Thomson et al.,
1984; Carpenter et al., 1983; Cochran and Hirschberg, 1985). The
NAP is subject to periods of turbiditicaswell as pelagic
sedimentation, and sediment winnowing and focussing is a common
occurrence (Duin, 1985). Thus there probably is some spatial
variability in the 210py, being deposited. It also appears that
there may have been some problems with the recovery of the box
cores resulting in the loss of core tops (Kirk Cochran, pers.
comm. ) .

Radionuclide profiles used to calculate particle mixing
rates are typically described with a steady state vertical
advection diffusion model (DeMaster and Cochran, 1982; Cochran,
1985). Biological mixing does not always transport particles in
an eddy diffusion~like manner, but the method is useful because

it allows the comparison of mixing rates in different sedimentary
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environments and on different time scales. The general equation

that describes the system can be written as follows (Cochran,

1985) :
? =2 DAy -2 -
FpA) =5 [pDg 28] -5 ps8Al Apa (7)
where: = time (y)

dry bulk density (g dry sed/cm> wet sed)

t
’
A

excess activity (dpm/mass dry sed)

z = depth (cm)

D = particle mixing coefficient (cmz/y)

[ sedimentation rate (cn/y)
A= decay constant (y‘l)

Since sediment accumulation does not generally contribute to the
distribution of shorter-lived nuclides such as 210py in the deep
sea, the accumulation term in the above equation can be ignored.
Equation 7 is then solved for 21°Pb, assuming steady state,
constant D; in the mixed zone, constant‘P » and the conditions A
=A,a8L & - v 27 R coes to zero as z goes to infinity. The
solution is as follows:

A= Aoexp[-z(}\/DB)l/zl (8)
There are many assumptions involved in using eq. (8), but it
allows the calculation of mixing rates that can easily be
compared for various locations and environments. Given the stated
assumptions, this equation is appropriate as long as excess 210py,
decreases to small values within the mixed zone. From the excess
230Th profile in Figure 6 it appears that the mixed zone may

extend down to 4-5 cm. Tables 1 and 3 confirm that for the box

cores used to calculate mixing coefficients, excess 21°Pb does

decrease to low values within this zone.
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Figure 3 shows excess 210p}, profiles for five box cores that
were used to determine particle mixing coefficients. The profiles
for box cores 9 and 15 were not used to calculate a mixing
coefficient because the excess activities recorded for the 2-3 cm
intervals were actually greater than those recorded for the 1-2
cm interveals. This could occur with the filling in of burrows
with surficial sediment, and according to core descriptions
burrows were evigent in all cores. Cochran and Livingston (1984)
calculated mixing coefficients for the same box cores but without
the benefit of having activities recoraed for the 2-3 cm
intervals (and the 4-5 cm interval for BC32). A comparison of
their results to those of this study is given in Table 4. The
adaitional samples run in this study generally resulted in slight
increases in the Dy values of Cochran and Livingston (1984).
There 1s better than an order of magnitude range in the mixing
coefficients. Thus, even though the possibility of variable 210pp,
deposition has not been ruled out, it is believed that the
results indicate real variability of particle mixing on the NAP.
Since the deep sea is typically characterized by a low abundgance
and high diversity of fauna and displays a variability in benthic

biomass of about an order of magnitude (Turekian et al., 1978),

this conclusion is not unreasonable.

2. Longer Term Chronologies: Gravity Core 1
The Nares Abyssal Plain (NAP) is an area of deposition of
distal turbidites (Thompson et al., 1984; Carpenter et al.,

1983). The geochemical and X-ray data presented here are
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consistent with these findings. Although excess 2307, js present
throughout the length of the core (Table 5, Figure 4), the
profile does not display a smooth decrease in 23°Thxs activity
with depth. Activities for GC-1 vary irreqularly with depth and
are low compared to other cores from the NAP (Carpenter et al.,
1983). Dry bulk densities for GC-1 are large for deep sea pelacic
sediments (Kirk Cochran, pers. comm.).

The sedimentary sequence in GC-1 on the NAP consists of
alternating layers of brown and grey sediments (Figure 4). The
brown sediments are thought to be slowly accumulating pelagic
clays whereas the grey clays are thought to be the result of
rapidly depositing turbidites (Thomson et al., 1984). Both clays
have the same terrigenous origin (Shipley, 1978; Carpenter et
al., 1983). Cclor changes in GC-1 were difficult to detect due to
ice crystal formation on the sediments. It does appear that two
major grey clay sections exist in the sequence (Figure 4), but
the color boundaries cannot necessarily be taken as the true
boundaries of the turbkidites. One reason for this is that
sediments have been observed to change color between the time
cores are collected and the time they are described in the
laboratory (Shipley, 1978). Another reason is that redox
reactions associated with organic matter diagenesis in turbidites
often cause color changes. Upon deposition, the oxidation of
organic carbon in turbidites proceeds from the tops of the
turbidites downwards. The rate at which the front moves is
determined by both the reducing capacity of the sediment (the
amount of organic carbon) and the balance between the diffusive

fluxes of reductants (Mn2+ and Fe2+) and oxidants (02 and NO3-)
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(Wilson et al., 1986). When the fluxes are egual, the front no

longer descends into the turbidite. As sediment continues to
accumulate above, the level of zero oxidant concentration then
travels upwards through the sediment, maintaining a constant
distance from the sediment/water interface.

An association of authigenic uranium with organic carbon in
marine sediments is well known (Mangini ana Dominik, 1978), and
it has been shown that uranium may be mobilized to form a
concentration peak below the oxidation front (Colley and
Thompson, manuscript). Isotopic differentiation between 234y ang
238y has been seen, and this is thought to be caused by a
preferentieal migration of 234U in the (VI) oxidation state across
the redox front following its in situ production from 238y jn the
(IV) oxidation state (Colley et al., 1984). The uranium peaks are
sometimes useful in confirming the presence and location of
turbicites. However, uranium peaks may not be seen in turbidites
with low organic carbon contents (<0.5%). As can be seen in Table
5, the organic carbon content throughout GC-1 is relatively low
(Dymond and Collier, 1986). In the case where organic-poor
turbidites are deposited, the redox front moves downwards too
quickly to allow the uptake of uranium from seawater and its
subsequent enhancement below the front. Alternately, if the
oxidation of organic matter in the turbidite is complete, the
sediments may appear organic-poor when in fact they were organic-
rich at the time of deposition. Unless all material being
deposited has the same organic fraction, however, this is

unlikely. Even in once organic-rich layers where oxidation is
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complete, enough organic carbon should be preserved to prevent
the labelling of the layer as "organic-poor" (Muller and Suess,
1979). The highest organic carbon contents were recorded in the
same section of the core that the highest uranium activities were
found, at 88 and 98 cm (see Table 5). The uranium activities at
these depths, although significantly greater than surrounding
acitivies, do not indicate a "peak" of the magnitude seen in most
organic-rich turbidite sections (Colley et al., 1984).

Manganese and iron are two other elements that may become
mobilized and travel across the redox front (e.g. Bonatti et al.,
1971). In contrast to uranium, however, manganese ana iron become
enriched in the upper oxidized zone (Colley and Thompson,
manuscript). Mn2* ana Fe?* may diffuse across the front, where
they can be oxidized and precipitatecd in a narrow depth interval
(Wilson, 1986). This process may not develop to any great extent
if turbidites are deposited too frequently or production rates of
the elements is toolow. From the Mn and Fe profiles for GC-1
(Figure 5) it appears that total Fe has not been very active
diagenetically. On the other hand, any diagenetic signals that
might be present are probably hidden, due to the fact that much
of the Fe is structural and is therefore not involved in
diagenetic reactions. The variations observed are probably the
result of variations in the depositional flux over time or a
change in the sediment composition.

A large spike in Mn is evident at 40 cm. Carpenter et al.
(1983), working on a core from the Kane Fracture Valley at the
eastern end of the NAP, found a similar spike in Mn at around 40

cm. They concluded that this feature is diagenetic since the high
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solid phase Mn values were measured close to the depth at which
Mn begins to increase in the pore waters. In addition to Mn, the
similarity between the 230y profile for the core sampled by
Carpenter and his coworkers and that of GC-1 is remarkable. Both
profiles show low surface activities, as well as similarly spaced
sections of higher activities throughout the cores. Carpenter et
al. (1983) described their grey clay sequence as extending from
50-160 cm. The grey clay sequences from GC-1 are contained in
that same interval. It may be that the two sites where these
cores were collected, although a few hundred kilometers away from
each other, lie along a major depositional path for turbidites
(Figure 1).

It has been shown that low excess 230rh activities are
recordec¢ in turbidite sequences (Thomson et al., 1984; Carpenter
et al., 1983). Low activities are expected when a sediment
section moves, is mixed, and redeposited (Thompson et al., 1984).
Also, sediments underlying a shallow water column such as the
Hatteras shelf (see discussion below) should have lower
activities than those found in the deep sea because in situ
production of 2307h from its parent 234y would be less. Yet it
appears (Figure 4) that both low and high excess 2307 activities
are found in grey clay sequences. In order to explain this, one
must look at the source of the turbidites.

According to Tucholke (1980), the major sources of turbidity
currents to the NAP are distal flows from the Hatteras Canyon and
Abyssal Plain that enter the NAP through the Vema Gap (see Figure

1). There are a number of pieces of evidence that support the
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idea that turbidity flows travel in a more or less easterly
direction across the NAP. Duin (1985) mapped the sediment
thickness above the shallowest high-amplitude seismic reflection
for various sites on the NAP and found a gradual decrease in the
thickness of this layer from the west to the east and northeast.
Kuijpers (1985), contouring the cumulative thickness of silt
intervals across the plain, found the same result. He also founa
an increase in average grain size toward the western part of the
NAP region.

The fact that both low and high excess 2307h activities are
found within turbidite sequences raises questions about the
depositional source. Turbidity flows might also originate from
the Bahama Banks, travelling to the NAP through the Cat Gap, or
from the Silver Abyssal Plain, flowing between the Antilles Outer
Ridge and the Caicos Outer Ridge (Figure 1). Anderson et al.
(1983a) calculated high in situ scavenging rates of 230, at
ocean margins relative to the open ocean. If one considers
horizontal advection, then ocean margins can act as a sink for
230y produced in the open ocean. Bacon and Rosholt (1982),
working on the Bermuda Rise, found that the rate of 230Th
accumulation was approximately nine times its production in the
water column. If such an area with excess inventories was the
source of turbidity flows to the NAP, the deposition of sediments
with elevated 230rh activities could result.

Both multiple sources and various layers of sediment from
the same source can cause variations in the excess 230y
deposited on the NAP. Deposited sediment that was originally part

of the upper few centimeters of the sediment column will contain
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relatively high excess 2307y activities while depositea sediment
that was originally deep in the sediment column will contain
relatively low activities. One should also consider the
possibility that there may be smaller turbidity flows cutting
across the NAP from the Bermuda Rise, the Antilles Outer Ridge,
or more regional topographic highs. The NAP has been found to be
a comrlex sedimentary environment, containing many narrow
migratory silt dispersal paths (Kuijpers, 19865). It has been
shown that cores withina few miles of each other with no
apparent change in elevation can vary from pelagic to turbiditic
(de Lange, 1985). Sediment focussing has also been shown to be
common on the NAP, occurring every few nautical miles on the
average (Duin, 1985). The distal parts of major turbidity
currents from the west along with migrational anc local flows
have apparently formed a braided pattern of meandering dispersal
paths (Kuijpers and Duin, 19895).

X-ray data from GC-1 (Figure 4) suggest the frequent
deposition of relatively small amounts of turbiditic sediment
rather than large infrequent deposits as the color scheme might
first suggest. The layers identified in Figure 4 are more dense
than the surrounding material. In areas known for the deposition
of turbidites, these high density layers are usually associated
with the sand-sized fraction laid down at the beginning of a
depositional event (Freeman, 1985). But if the only major source
of turbidites to the NAP is the Hatteras shelf then only fine-
grained sediments would reach the central NAP. If, on the other

hand, some of the deposits were the result of smaller, more
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regional flows, then the high densities could be explained by
large grains, the rapid compaction of layers deposited over a
relatively short time scale, or a difference in the water content
of the flows.

By looking at the relationship between various isotopes, one
can get an idea of the stability of the area over various time
scales. The data for GC-1 (Tables 5 and 6) sugaes+ *:z. <+Vpb anc
226Ra are in equilibrium (within the counting uncertainty)
throughout the length of the core. Since these isotopes shoula be
in equilibrium after about five half-lives of the daughter 210py,
(approximately 100 y), this finding is expected. The fact that
the isotopes are in agreement adds reliability to the
radiochemical procedures. Had the upper few centimeters of
sediment in GC-1 been sampled, they probably would have indicated

2105,

excess as shown in the box cores. There is an excess of

226pz relative to 210pp at 40 cm. As was previously aiscusseaq,
this is the same depth at which the manganese spike was located.
The attraction of radium for manganese oxides is well known
(Kadko, 1980). 226Ra mobilized in the sediments via recoil
associated with the decay of its parent 2307h has apparently
precipitated out with the manganese oxides on the oxidized sige
of a relict redox boundary. The deficiency of 210pp at this depth
must be due to the migration of 222gp away from the Mn/226Ra
spike.

An examination of 2307, ang 226Ra data (Tables 5 and 6)
indicates intervals of both equilibrium and disequilibrium for
this parent/daughter isotope pair. 2307h ang 226Ra are in

equilibrium in the 117-119 cm and 134-136 cm intervals. Much of
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the rest of the core appears to be in diseguilibrium with respect
to these isotopes. Diffusion of 226Ra out of the core can affect
the upper 20-30 cm of sediment (Cochran and Krishnaswami, 18$80;
Cochran, 1980). The excess in 226pa over 230Th at 39-41 cm
probably reflects the trapping of 226, by manganese. At other
depths, the disequilibrium is probably the result of variable
226Ra/230Th ratios in turbiditic sequences. Since these isotopes
should reach equilibrium within about five half-lives of the
daughter 226Ra (8100 y), this suggests that much of GC-1 has been
affected by the rapid deposition of turbidites, separated by
poorly-defined periods of pelagic sedimentation. This conclusion
is in agreement with that of Kuijpers (1985), who found that
within the sedimentary sequence, sections of strictly pelagic
sediments were rare.

Given the extent to which GC-1 has been affected by the
deposition of turbidites, the cGetermination of a pelagic
sedimentation rate is impossible. Proper use of the 2307h method
requires that the sedimentation rate and 2307h flux be constant
with time, or at least change ina monotonic fashion, anditis
evident that this is not the case at the GC-1 site. From the
radiochemical data, however, it is possible to get an idea of the
overall sediment accumulation rate. Since 230Th and 226Ra are in
disequilibrium as deep as 170 cm, it appears that the entire
length of the core must have been deposited within the last
10,000 years. Thus the average sediment accumulation rate coula
be as great as 10-20 cm/ky. This is consistent with the findings

of Ruijpers (1985), who mapped sedimentation rate indices on the
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NAP based on seismic data. He found generally higher rates to the
north and west and lower rates to the south and east. Rates for
the area near the GC-1 site were on the order of decimeters/ky.
Figure 6 presents an excess 230y profile for Box Core 32
(BC32), taken to the SW of GC-1 (see Figure 2). Kuijpers (1985)
found no evidence of turbidites deposited in this box core ana
the profile does not suggest the presence of turbicdites. Indeeq,
226Ra/23°Th activity ratios in BC32 (Table 2) follow a
predictable pattern and increase to about one by 30 cm. Therefore
a pelagic sedimentation rate has been calculated for this core
and found to be 0.17 cm/ky. Kuijpers (1985), using a calcium
carbonate spike which he interpreted as corresponding to an age
of 10,000 years BP, calculatea a seaimentation rate for BC32 of
2.5-3.0 cm/ky. The difference between this rate and that
calculated from the 230y profile may be due to Kuijpers' (1985)
approximation of the age corresponding to the CaCOq spike. The
rate calculated in this study is in better agreement with the 0.5
cm/ky rate calculated by Cochran and Livingston (1984) for BCO02
from the excess 230ty profile. Although the rate at BCO02 is
higher than for BC32, BCO02 is located to the NW of BC32 (Figure
2), and sedimentation rates appear to decrease to the south and

east in this region (Duin, 1985).

B. Radionuclide Balances
1. 210pp Bajance
a. Water Column Removal
Nares water column 210pp ang 226R5 gata are given inTable 8

and plotted in Figure 7. As was previously stated, the 226Ra
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profile was calculated from GEOSECS silica data using the methoad
of Bacon et al. (15%76). The deep water 226Ra values generated
from this method agree well with the values determined directly
from NAP deep water. Given the errors associated with the 226R4
values, only the NAP 226pa value at 4950 m is significantly less
than its corresponcing value generated from silica data. Even
this difference is relatively small. The total flux of 210py,
removed from the water column is determined by adding the
atmospheric flux of 210pp to that obtained from the def iciency
with respect to 226Ra, Turekian et al. (1983) determined
depositional fluxes of 210ph, jn New Haven, Connecticut and
Bermuda to be 22.1 dpm/cm2 and 38.4 dpm/cmz, respectively. For
the purposes of these calculations, an intermediate value of 30
dpm/cm2 will be used. The in situ removal of 210pp js calculated
by integrating the deficiency of 210pp with respect to 226Ra,
This flux is 37.2 dpm/cmz, resulting in a total flux of 210pp,

through the water column of 67.2 dpm/cm2,

b. Sediment Trap Fluxes

The annual flux of 210ppmeasured ina sediment trapat 4832
m on the NAP (Cochran and Hirschberg, 1985) was 15.8 dpm/cmz.
This compares well with the 15.7 dpm/cm2 collected in a sediment
trap at 4000 m on the Hatteras Abyssal Plain (see Table 5,
Cochran and Hirschberg, 1984) and the 11.2 dpm/cm2 collected by
Bacon et al. (1985) near Bermuda at 3200 m. The 210pp measured on
the NAP amounts to only 29% of the 210pp, input to this depth.

Earlier it was stated that radionuclides can be used to calibrate
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sediment traps because frequently it is possible to construct
exact geochemical balances for them (Knauer et al., 1879; Brewer
et al., 1980). However, such calculations are meaningless when
horizontal transport is thought to occur. The latter process will

be discussed further below.

2. Sediment Inventories

Table 9 presents sediment inventories for 210p} on the NAP.
The inventories vary by more than a factor of five. This is not
surprising, considering the complexity of the sedimentary
environment in this region and possible coring difficulties. No
apparent relationship exists between the inventories and the core
locations. Druffel et al. (1984), after studying several cores
from a single site in the north central Pacific, found that even
short-term tracers had significantly different profiles and
inventories from core to core. Aller and DeMaster (1984) reachea
a similar conclusion following their work on cores in the Panama

Basin.

C. Horizontal Transport

1. 210pp

The average excess 2lon sediment inventory for this area of
the NAP is 7.83 dpm/cmz. This represents only 12% of the 210py,
input from the overlying water column and atmosphere. The
sediment trap collected more 210ph than the sediments, but both
fell quite short in recording the flux through the water column.
An important point to make with regard to these comparisons is

that different time scales are represented by the different flux
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measurements. Water column removal measurements represent only

one point in time. Sediment trap fluxes have been calculated from
one years worth of sample collection. And sediment inventories
reflect a much longer time scale. Interannual variations not
recorded in the sediment trap fluxes and any time scale
variations in water column removal fluxes will introduce
uncertainties in the construction of geochemical balances.
However, since long term water column ané sediment trap data are
unavailable, the balances are constructed with the limited data
that is available.

In spite of this problem, it appears that 210pp 5 released
to solution before it reaches the sediments (or deep sediment
traps) and is transported horizontally away from the ocean
interior to some other location, most likely the continental
margins. Other researchers have recorded similar results. Bacon
et al. (1976), failing to finda significant vertical gradients in
particulate 210pp in the deep sea, proposed that horizontal
transport was carrying 210pp, away from the ocean interior.
Buesseler et al. (1985) collected excess 210py, inventory data
along the U.S. North Atlantic shelf and slope. Deep sea
inQentories only recorded 45% of the expectead 210ph flux while
shallow water (<2000m) sediments recordec inventories that were
greater than expected. Although Buesseler et al. did not believe
that the excess inventories along the North American margin can
compl etely account for the deficiencies observed in deep sea
sediments, they did suggest that horizontal transport is removing

210Pb away from the deep ocean interior. Bacon et al. (1985)
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recorded a sediment trép 210py, filux in the Sargasso Sea that was
only 30% of that which was expected and reached a similar
conclusion. Buesseler et al. (1985) suggested that the eastern
margin may be acting as a sink for 210pp, This is not
unreasonable, since sediment surpluses in 21°Pb have been
recorded along the eastern Pacific margins. It appears that
strong upwelling and lateral transport result in an increased
advective supply (and thus removal) of 210pp (Carpenter et al.,
1981; Carpenter et al., 1982). Another possible sink could be the
Mid-Atlantic Ridge, where 210pp sediment inventories are also
greater than expectec basec on water column production (Nozaki et
al., 1977).

It is thought that for 21°Pb, scavenging via uptake at ocean
boundaries is at least as important a removal mechanism as
scavenging by the vertical flux of particles in the ocean
interior (Spencer et al., 198l1; Anderson et al., 1983b; Bacon,
1984). 210pp, could be preferentially scavenged at ocean margins
by several mechanisms, including l)co-precipitation with Kn and
Fe oxides forming at the sediment/water interface, 2)resuspension
(physical or biological) from the sediments resulting in
increased adsorptive surfaces, and 3)increased scavenging due to
greater primary production and higher particle flux (Bacon, 1984;
Anderson et al., 1983a; Thomson and Turekian, 1976).

At this point it is not clear which of these factors, or
others, is most important. However Spencer et al. (1981)
calculated the extent to which boundary removal may be important.
They modelled the dissolved 210py, gistribution in the north

equatorial Atlantic Ocean including a term for boundary
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scavenging. The relative importance of sinks included in the
model was 55% by radioactive decay, 25% by biological uptake, 12%
by in situ adsorption, and 8% by boundary uptake. Both Bacon et
al. (1976) and Cochran et al. (1983) showed that the distribution
of 210Pb/225Ra activity ratios away from oceanic margins was
consistent with horizontal eday diffusion and boundary uptake.
Unfortunately, very little 210py, inventory data exist for
boundary areas surrounding this region of the western North
Atlantic. It is therefore difficult to determine where the 410pp
is transported to from the deep sea above the NAP. Earlier it was
stated that large excesses of 2307h had been found on the Bermuda
Rise (Bacon and Rosholt, 1982). Although it is true that the
partitioning between vertical and horizontal transport pathways
will probably be different for different elements (Thomson et
al., 1984), the chemical behavior of 230Th ang 210pb is similar.

Perhaps the sediments of the Bermuda Rise also hold excess

inventories for 210Pb.

2. 230qy

. as 2307y ang 210pp pehave similarly, it is of interest to
construct a geochemical balance for 2307h as well as 210pb. The
water column production of 2307y may be calculated from the
uranium content and the 234U/238U activity ratio in seawater (3.3
ug/L and 1.14, respectively). The resulting production of 2307y,
is 1367 dpm/cm2 for awater column of 4832 m. A sediment trapat
4832 m on the NAP collected 1096 dpm/cm? of 230rh, This is

similar tovalues of 652 ﬂpm/cm2 collectedat 3694 m in the
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Sargasso Sea by Brewer et al. (1980) and 1291 dpm/cm2 collected
at 5367 m in the Sargasso Sea by Spencer et al. (1978).

To complete the 2307h balance a sediment inventory must be
calculated. This is more difficult for 2307h than for 210pb on
the NAP, since the deeper exces. «2%m wrofiles are more likely
to be affected by turbiditic sedimentation. In the series of
cores examinec in this study, it appears that only BC32 can be
used to calculate a sediment inventory. The excess 2307y, profile
of BC32 (Figure 6) shows decreasing activities and the
226Ra/23°Th activity ratio (Table 2) steadily increases to about
one by 30 cm. A sediment inventory was calculated according to

the following equation:

230Thxs inventory (dpm/cmz) = /osAOAX (9)

where: /0

seaiment dry bulk density, here taken to
be 0.78 g/cm3, for reasons explained
previously

S = mean sediment accumulation rate,
determined from Figure 6 to be 0.17 cm/ky

A_ = surface 23°Thx activity, taken from

s
Table 1 to be 16.66 dpm/g
A= 230qy, decay constant (9.2 x 107° y'l)

Substituting the values into equation 9 gives an inventory of 240
dpm/cmz.

The results indicate that the sediment trap collected 80% of
the water column production to 4832 m while the sediments only
received 15% of the water column production to 5800 m (1647

dpm/cmz). Cochran and HBirschberg (1984) constructed a 230y

balance for the Hatteras Abyssal Plain. The results were similar
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to those of this study, in that the sediment trap collectea 77%
of the input and the sediments collected 13% of the input.
Thomson et al. (1984) found a shortfall of approximately 40% in
the sediment inventories of three cores on the NAP. Bacon et al.
(1985) recordea a deficiency in seaiment trap fluxes and
concludea that only two-thirds of the 2307y, production was
vertically removed from the water column.

As with 210pp, it appears that 2307 in the ocean interior is
subject to horizontal transport, perhaps in association with
particles. It is thought that the sinks for 230Th lie along ocean
margins (Anderson et al., 1983a), but the direction of transport
out of this area is unclear. DelMaster (198l) found larce
accumulations of 2307h in Antarctic sediments and he attributed
them to horizontal transport from other oceans. Closer to the
NAP, Bacon and Rosholt (1982) recorded nine times the expected
230Th in sediments on the Bermuda Rise. While it is true that
only one core was used to calculate a 2307y gediment inventory
and it is not certain that this core was unaffectedc by the
deposition of turbidites, the gathering evidence supports the
idea that 230rp js horizontally carriea away from the ocean

intericor.
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V. Summary and Conclusions

The purpose of this project has been twofold; to examine and
describe the history of sedimentation on the Nares Abyssal Plain
and to construct geochemical balances in this region for the
racionuclides 210pp and 230Th. Towards the first end, extensive
radiochemical work was done on a gravity core (GC-1) from the
central NAP. The data revealed a complex sedimentary sequence. An
excess 230Th profile dic not show a regular decrease in activity
with depth, but rather incicated zones of high and low activity.
Evidence of two relict redox fronts exists. The first occurs at
40 cm inGC-1, where a large diagenetic spike in solid phase
manganese 1s observed. There is a corresponding excess in 226p,
at this depth, anc it is believed that 226Ra mobilized in the
seaiment precipitated out with the manganese oxides that formed
on the oxidizea side of the redox boundary. The second possible
recox front islocatea arounc 88 cm inthe core, where elevated
uranium activities and organic carbon concentrations (but no
anomalous Mn) exist. In addition to the above findings, it has
been shown that 230Th and 226Ra are in disequilibrium for most of
the length of GC-1. These pieces of information, together with X-
ray and core color data, suggest that the observed sedimentary
sequence is the result of periods of turbiditic deposition. This
conclusion is consistent with that of Thomson et al. (1984). It
appears that the entire length of GC-1 has been affected by
rapidly deposited turbidites. Sediment sequences of strictly

pelagic origin are not evident. The source of these turbidites is
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apparently the Hatteras shelf, with flows entering the NAP by way
of the Vema Gap (Shipley, 1978; Tucholke, 1980) (Figure 1l). There
may also be smaller, more regional flows arising from the north
on the Bermuda Rise or from the south on the Antilles Outer Ridge
that complicate the sedimentary picture.

Given the erratic excess 230Th profile determined for GC-1,
no meaningful pelagic sedimentation rate coulc be calculated from
this core. The radiochemical data indicate an overall sediment
accumulation rate of up to 10-20 cm/ky. Box Core 32 did not
appear to be affected by the deposition of turbidites, ana a
pelagic sedimentation rate of 0.17 cm/ky was calculated for this
core. Other box core data were used to calculate particle mixing
coefficients. Coefficients for five cores ranged from 0.01-0.23
cmz/y-

The second goal of this study, the construction of
geochemical balances for 210py, ang 2307, compared water column
removal, sediment trap fluxes, and sediment inventories. For
210Pb, the sediment trap recorded only 29% of the expected flux
and the sediments collected only 11% of the expected flux. Other
researchers have recorded similar deficiencies (Buesseler et al.,
1985; Bacon et al., 1985) and it is concluded that 210pp, g being
removed from the ocean interior by horizontal transport and
carried to ocean boundaries, where it is scavenged through co-
precipitation with Mn and Fe oxides, resuspension, and increased
particle fluxes due to higher primary productivity. A deficiency
in the excess 230Th sediment inventory (15%) was also recorded,

which suggests that this isotope is also horizontally transported
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away from the ocean interior. The fact that the sediment tragp

collected 80% of the expected 2301y put only 29% of the expectea

210py, suggests that 210pp is more easily returned to solution

during its descent through the water column.
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Table 3: Radiochenical Data for Nares Abyssal Plain
Sediments. Box core results.
Activities are expressecd in dpm/g
.* Corrected to time of collection

Depth in
core (cm)

- e L G T —— - D - e e S S e WD G G e S - G G Gl T e G G G - T T . - D G G S S S —— -

BC 08: 23932.8'N, 64930.2'W

0-1 15.8+0.7 2.9+0.1 12.9+0.7

1-2 5.410.2 3.3+0.1 2.140.2

2-3 3.9+0.3 3.3140.1 0.6+0.3
BC 05: 23°12.0'N, 64945.4'W

0"'1 7.5i0.3 3.9i0-l 3.6i0‘3

1_2 5.0:_‘:0.2 3.5i0-l 1.510.2

2-3 5.5+0.3 3.410.1 2.1+0.3
BC 15: 23°16.7'N, 63953.6'W

o—l 6.110.2 3a2i0.1 2.9i0.2

1-2 4.4i001 3.910 ol 0.510.1

2-3 4.3+0.3 3.5+0.1 0.8+0.3
BC 18: 22°941.5'N, 63°927.3'W

0-1 5.0+0.2 3.7140.1 1.340.2

1-2 5.0_"_'0 .l 4-0:‘:0 -1 1-0_'4_'0.1

2—3 4.6i0.3 4.0i0.l 0-610.3
BC 23: 23°901.4'N, 64°13.6'W

0-1 11.510-4 2.7i0.1 80810 -4

1-2 409i0.3 3.1i001 1081'003

2-3 3.8i0.3 303i001 0.510.3
BC 25: 22957.7'N, 64°10.5'W

0-1 80510:4 3.0i001 5.5:0.4

1-2 4.7+0.2 3.0+0.1 1.7+0.2

2-3 4.6+0.3 3.5+0.1 1.1+40.3

. . ——me G o e G S -  —— S G T S G W N S G G I S IS S G W W R e G T S G M G S G -

Note: The 0-1 and 1-2 cm depth interval results are
from Cochran and Livingston (1984).
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Table 4: Mixing Coefficients in Nares Abyssal Plain Sediments

Mixing Coefficient (cm?/y)
BC08 BC1l8 BC23 BC25 BC32
Cochran and Livingston (1984) .0l .17 .01 .03 .06

This study .01 .23 .02 .05 .08
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Table 7: Iron and Mancanese Data for Nares Abyssal Plain

Depth in
core (cm)

Sediments.

Mn (ppm)

Core GC1l:

23°12.0'N, 6398.5'W

- ——— A - - TS SE IS Gwe G ST G G IR R WS P NS S e SR WD GNP S IR T S G G S e G S S P I S T

6-5_805
19-21

22.5-24.5

29-31
39-41
43-45
57-59
61-63
67-69
70-72
74-76
82-84
87-869
97-99

102-104
117-119
127-129
131-133
134-136
150-152
154-156
158-160
166-168

Standards

NBS
MESS-1

1372427
2768455
1488130
883+18
4830497
1202124
881+l8
959419
528111
495+10
653+13
571411
766+15
651
661

642 Ave:

653
655
718414
598+12
909+18
937419
728115
1020+20
97920
762+15
1179424

813116
508410

5.73%+.17
5.89+.18
4.55+.14
5.84+.18
4.45+.13
4.01+.12
6.371+.19
3.43+£.10
4.12+.12
2.59+.08
3.77+.11
2.40+.07
5.91+.18
3.53

3.83

3.60 Ave:

3.54

3.56

5.58+.17
3.21+.10
5.67+.17
5.51+.17
3.78+.11
4.90+.15
4.65+.14
2.55+.08
5.32+.16

10.27+.31

2.33+.07

3.61+.11

Ref.
Value

11.30+1.2

3.03+.17



Table 8: 21OPb and 226Ra=1 in seawater,
Nares Abyss&l Plain

Depth (m)  210pp(dpm/100kg)! 226Ra(apm/100kg)2

—— d—— ——— - - - o - W - —— - ——— - —————— - — - — -

834 12.241.0 -
1060 7.941.0 -
1442 7.140.7 -
2550 9.2+2.2 -
3331 7.540.7 -

4124 6.4+0.6 -
4950 - 14.59+1.46*
4894 6.1+0.6 -
5300 - 18.48+1.85%*
54469 - 18.48+1.85*%
5681 7.6140.6 -

5682 - 17.0210.97**
5712 - 18.00£0.97*%
5788 6.840.5 -
1 210

Pb samples were taken in September 1984
(R/V Endeavor cruise EN-121).
Location: 23°12.0'N, 63958.9'W

226R, samples were taken in September 1985

(R/V Endeavor cruise EN-137). Sample analyses were
done by D. Hirschberg, MSRC, SUNY

* Location: 23°12.9'N, 64°7.7'W

**  Location: 23°17.8'N, 64°10.1'W
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Table 9: 21°Pb Sediment Inventories,
- Central NAP

Box Core Inventory(dpm/cmz)
ssC 02 9.54
BC 08 12.12

BC 09 6.24

BC 15 3.35

BC 18 2.26

BC 23 8.66

BC 25 6.79

BC 32 13.65

Average: 7.83
Sediment trap (4832 m): 15.80

Removal from water column: 67.20

* Radiochemical analysis was done by Cochran
and Livingston (1984).
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Figure 5: Manganese, iron, and organic carbon profiles for Gravity Core
1. Organic carbon data are from Dymond and Collier (1986).
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ACTIVITY (dpm/I100Kg)
§ 7 9 1l 23 15 7 19 2

1 L ] 1

210p, (dpm /100 kg) ©--—o
_--0  226p, (dpm /100 kg)

1000 - 7 NARES IN SITU 226Rq
/ DATA (dpm/100kg) +—e—
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S000 -

6000 - 210 226 506

Figure 7: Pb and Ra seawater profiles for NAP,. Ra profile
was generated from silica data (GEOSECS station 32) using the
equation Ra = 6,91 + ,217%3i1 (Bacon et al., 1976). Hatched area
was used to calculate the 210pp riux through the water column.
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Determination of Transuranic and Thorium Isotopes in Ocean Water:

in Solution and in Filterable Particles.

H. D. Livingston
Woods Hole Oceanographic Institution, Woods Hole, MA 02543, U.S.A.
and
J. K. Cochran

State University of New York, Stony Brook, NY 11794, U.S.A.

A sensitive technique for the measurement of dissolved
and particulate actinide concentrations and water column
distributions is described. Pu, Am, and Th isotopes are
collected using latge-volume.‘wire-mounted electrical pump-
ing systems. Particles were removed by filtration, and

actinides by absorption on MnO_,-coated filters. The very

2
large volumes processed (up to 4000 liters) result in very
sensitive and precise concentration measurements after

analyses of the samples by standard radiochemical and alpha

spectrometric techniques.

Introduction

Studies of the oceanic distributions of reactive elements have direct
relevance to the nature of the "scavenging" process which removes such

substances from the oceans. The actinide elements represent a useful
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group for studies of oceanic scavenging because they span a range of chenm-
ical reactivities, have well characterized source functions and include
both steady state and transient radionuclide tracers. The former are
naturally occurring members of the U and Th decay series. The latter are
the transuranics introduced to the oceans chiefly by the global fallout

of debris from atmospheric nuclear weapons tests.

Recent developments of scavenging models, based on radionuclide
studies, have emphasized the interconnected roles played by large, rapidly
sinking particles and small, slowly sinking particles on reactive nuclide
transports and removal (Bacon et al. 1985). Equilibria (or disequilibria)
and transformations between the various particle types and seawater are
likely to be critical components to actinide scavenging processes. The
standing crop of suspended small particles represents the major particu-
late reservoir in oceanic water masses and is in dynamic equilibrium with
the dissolved phases and large sinking particle phases. The large parti-
cle/small particle interaction is likely to be relatively complex and in-
volves both particle aggregation and disaggregation.

For many of the actinides, oceanic concentrations of both particle
'and solution phases are low enough on & volume basis to make their mea-
surement difficult. To some extent, this limitation has been overcome by
the development of highly sensitive analytical techniques such as low
level alpha spectrometry (on radiochemically purified actinide isolates)
or mass spectrometry (for plutonium isotopes). In our studies, the low
concentration limitation has been overcome by the use of sampling tech-
niques which collect enough actinide bearing material from the various

phases to permit reliable measurement by 'state of the art' anslytical
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techniques.
The sampling technique for the small particle and soluble phases uses
electrically powered, wire-mounted pumps to collect particulate actinides

on filters and solution phase actinides on MnO, impregnated absorbers.

2
This technique is essentially a modification of the one described by Mann
et al. (1984) and used in North Pacific transuranic studies by Livingston
et al. (1986). The critical modification is the use of inert polypro-
pylene fiber filter cartridges for filtration and as a support for the
l(nO2 absorber phase - instead of the cotton fiber cartridges used in the
above studies. This change was a consequence of the cotton fiber car-
tridges having unacceptable blank levels of Th isotopes. As noted by Mann

et al. (1984), it has not been possible to load preformed MnO, on polypro-

2
pylene fiber filter cartridges. We used an alternative MnO_ impregna-

2

tion technique following Moore (1976) but somewhat modified (A. P. Fleer,
personal communication). This technigue involves the bonding to the
fibers of !lno2 formed by their exposure to a solution of KHn04.
Methods

Our actinide scavenging studies have been conducted at two locations
in the Western North Atlantic. The first location is at the Nares Abyssal
Plain at about 23°12'N, 63°59'W; the second is at the Hatteras Abyssal
Plain at about 32°46'N, 70°S0'W. Both of these locations are in the in-
terior of the North Atlentic Basin and are oceanographic settings fairly
typical of a mid-gyre, i.e. oligotrophic, with low particle fluxes and
suspended particle concentrations.

The suspended particulate and dissolved actinides were sampled using

electrically powered pumping systems attached to the ship's hydro-wire or
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trawl-wire. These are battery-powered pumps and we have deployed as many
as five systems simultaneously at different water depths. The older ver-
sion of the pumping system is a modification of a design previously
reported (Winget et al., 1982). The modification involves the replacement
of the previously used Jabsco Products pump with a more relisble Flotec
pump (Model R2, Flotec Inc., Norwalk, California, U.S.A.) which operates
effectively using substantially less electrical power than the Jabsco
pump. Because of the lower power requirements of this pump we designed a
newer version of this pumping system which is smaller, lighter and has
greater flexibility in designing configurations of filters and absorbers.
The pumps are manufactured by Oceanic Industries Inc., Monument Beach,
Massachusetts, U.S.A. The start and stop controls are controlled by
pre-set timers mounted in each system.

The filters and MnO, absorbers are based on lum filter cartridges

2
(AMF Cuno, Microwynd II cartridge #DPPPY), mounted inside their housings
as used by Mann and Casso (1984) as prefilters. The sequence of compo-
nents consists of four units connected in series. A prefilter first col-
lects suspended particles. Two Hn02 impregnated filter cartridges then
adsorb actinides from the filtered water stream. Finally, the stream
exits through a flow meter which provides a measure of the volume of water
processed. The efficiency of actinide absorption by the Hno2 absorbers is
determined from the relative amounts collected on each absorber by the

method described by Mann et al., (1984). Basically the collection effic-

iency is derived from the relationship:

Activity on 2nd absorber

Collection Efficiency = 1- Activity on 1lst absorber
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As noted above, blank problems for Th isotopes forced us to use
polypropylene fiber filter cartridges instead of the cotton fiber type
used previously when only transuranic nuclides were being measured (Mann
et al., 1984; Livingston et al., 1986). The technique for impregnating

the filter cartridge with MnO, is rather time-consuming because of the

2
necessity of removal of an anti-wetting surfactant. This is achieved by
successive soakings in strong detergent and NaOH and HCl baths (each
1.0M). Following this treatment the cartridges were washed with dis-
tilled water and left in a saturated, hot KHnO4 solution for 24 hours

and again thoroughly rinsed with distilled water. At sea, water was
pumped through the systems at flow-rates generally at the high end of the
2-7 liters/minute used. Sample sizes collected at these flow-rates ranged
up to 4000 liters.

All samples were analyzed radiochemically by essentially standard
radiochemical methods. Each cartridge sample was first dried at 110°C
then ashed at 450°C for about 24 hours. The ash was dissolved in about
200ml of HNO, (8.0M) in the presence of 22°Th, 2*’an and ?*Zpu chemical
yield tracers. Following addition of NaNO2 (0.1g per 10ml solution) to
oxidise Pu, the solution was passed through an anion exchange resin (20ml
column; Biorad AG 1x8, 50-100 mesh). Th and Pu were retained and were
eluted with HC1 (12M) and HCl/NH‘I (12M; 0.03M), respectively. Am passes
through this column and was retained for further purification. Th was
subsequently purified on a smaller anion exchange column. Pu and Am were

further purified and all actinides electroplated as described by

Livingston et al.,(1975) and measured by alpha spectrometry.
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Results and discussion

Generally, we found that the Hno2 absorbers which were used to

collect dissolved actinides were very effective for the Th isotopes and
z‘lAm. From other experiences we know that they are equally effective in
lanthanide isotope collection but seem to be less effective for elements
which form stable complex species in seawater. Pu in particular is not
collected efficiently or predictably (presumably due to its existence in
complexed, higher oxidation states in seawater) - in contrast with our
experience in the North Pacific using Hno2 loaded cotton fiber filter
cartridges (Livingston et al., 1986) where high Pu collection efficiencies
were obtained. In Table 1 we list the collection efficiencies for Th and
Am absorption during twelve deployments at various depths at the two sites
where we have made these studies. The collection efficiencies tend to
co-vary and average about 83%-84% based on all the data we have obtained.
Given this result it should be theoretically possible to analyze both
cartridges in combination - since collectively they absorb more than 97%
of the total dissolved Th or Am concentrations. This approach would
appear feasable and would represent a worthwhile savings in radiochemistry
effort.

The fractions of the total actinide concentrations in the ocean at
different depths which were associated with the filtered particulate phase
are shown in Table 2, together with the observed range and median of the
various observations. The total concentration of each actinide was the

r 239.240Pu'

sum of those found in the filtered and particulate phases. Fo
the total concentration could not be derived by this method since Pu was

not effectively absorbed by the Hno2 absorbers. The total concentration
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was derived from 239,240

Pu profiles measured in large volume water samples
collected at the same locations and times as the in-situ pump deployments.
The range of values found for all the actinides is quite wide. Some
of this variability comes from inclusion of near-surface or near-bottom
data. The higher suspended particulate concentrations in the euphotic
zone or benthic boundary layers favor the increased actinide proportions

in the particle phase. The differences between the median values, on the

other hand, result from real chemical reactivity differences. For ex-

241

ample, the median Anm particle association of 7.5% is close to an order

230

of magnitude higher than the Pu median value. Th and 228Th show sim-

ilar partition between particulate and dissolved phases. The 23°Ih median

value of 16% is possibly significantly greater than the 12.5% value ob-

served for 228Th‘ On the other hand, 2321h is clearly much more associ-

ated with water column particles. This difference relates to the very

different sources of 2281h. 23°Ih and 2321h in the ocean. The former two,

produced by radiogenic decay of dissolved radium and uranium, show lower
particulate association. 2321h is derived from the input of terrigenous
particles in which much of the Th is in mineral phases which do not become
involved with absorption/desorption equilibria.

We have included depth profiles of the total and particle associated

concentrations of z‘lAm and 230

Th in our two study locations. These are
intended to demonstrate the high quality of low level actinide data which
has been obtained using the large volume filtration/chemisorption tech-
nique. The full data set will be published in a forthcoming paper on
actinide scavenging in the northwest Atlantic (Cochran et al., 1986). The

241

particulate and total concentrations of Am are plotted against depth in
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Figure 1. It should be noted that the concentration scale for particulate

2‘1Am is one tenth that of the total activity scale. The corresponding

230Ih data are shown in Figure 2. Here the data from the two sites are

plotted separately and both particulate and total concentrations are shown

on the same scale.

241Am and 23°Ih in these water columns

do not exceed 0.4 and 1.0 dpm/m3 regpectively (7 and 17 mBq/m3). The par-

The total concentrations of

ticulate concentrations range about one order of magnitude lower concen-
tration. At these concentrations, it would not be possible to have ob-
tained sufficient analytical sensitivity without the use of the large
volume in-situ pumping technigque. Two features point up the sensitivity
of this approach. Both are in line with the principle of oceanographic
consistency referred to by Moore in a discussion of chemical oceanographic
data produced by the GEOSECS program (Moore, 1984). This stated that
trace constituents followed the patterns of the more abundant constituents
(such as nutrients). Additionally, trace constituent patterns often char-
acterize the various water masses in which they are measured. The first
feature is the uniformity of both particulate and total concentrations of

?‘lAm and 230

Th in deep water. This occurs at depths greater than 2000m
and is in the relatively homogeneous North Atlantic Deep Water. The sec-
ond feature derives from the similarity in the shapes of the particulate
and total (or, as inferred, dissolved) nuclide depth distributions. This
is the situation one would expect to see with respect to the partition

between the dissolved and particulate phases if some kind of equilibrium

existed between the phases and there was little variation in suspended

particulate concentrations throughout much of the water column. This
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latter proviso is generally true of the northwest Atlantic except in sur-
face or bottom waters where higher particle concentrations are frequently
present (Brewer et al., 1976).
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TABLE 1

Manganese Dioxide Absorber Collection Efficiencies in Field Studies

Deployment No. Collection Efficiency (°/..)

Thorium Americium
1 69 71
2 73 83
3 73 85
4 80 76
S 84 94
6 85 92
7 85 72
8 86 92
9 86 92
10 87 96
11 91 95
12 93 97
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TABLE 2

Fraction (%) of Total Water Actinide Concentration
in Filterable Particulate Phase

2327 2307y 2281y 241A_m 239,240p,

51 40 7.9 25 -
50 16 9.0 9.3 0.3
59 24 24 6.9 -
- 6.0 14 7.7 1.1
62 13 21 3.1 -
- 5.0 2.0 5.3 1.6
46 16 6.0 6.5 -
61 25 7.0 7.4 3.2
11 12 7.4 11 0.4
19 11 14 9.3 0.4
49 13 22 11 1.0
60 19 22 6.1 0.6
- 7.6 14 5.3 1.4
-- 31 26 8.9 1.4
-- 13 11 6.0 0.9
- 38 11 15 1.0

11-621  s5-401 2-261 3-251 0.3-3.21
50.52 162 12,52 7.52 1.02

1 - Range; 2 - Median
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APPENDIX I

NARES III MOORING RECOVERY MESSAGE

J. Simpkins and K. Brooksforce

~11-



Posted: Wed Nov 5, 1986 7:23 PM EST Msg: CGIG-2706-6975
From: RV.ENDEAVOR

To: D.PILLSBURY

Subj: NARES 3

Mooring released at 12:54 3 Nov 86. Required 9 hours to recover in
moderate weather, 8' seas, 15 knt winds. Could not hear the releases with the
ranging receiver possibly due to poor conditions. Used the PDR as a substitute.

The releases checked out o.k. on deck. 4 Aanderaas o.k. RCM at 4800m flooded
after 6 months via passthrough and is a total write-off, transmissometer also
leaked. 1 am soaking the tape in fresh water and hope it can be read. The
extra deep transmissometer seems O.k.

Sending the data tapes home in the current meters.
Sediment trap at 1435m stopped on cup 4. Trap at 4785m stopped on cup 3.
Trap at 4815m had cup 4 broken.

Please tell Lolita Suprenant of W.H.O.l. that the ship will dock at Woods
Hole 15 or 16 Nov prior to the end of cruise. Regret to inform her that 7 of
the PCMs were missing due to tie-wrap failure. PCM G at 3900m o.k.

Bahamas port stop cancelled. ETA at URI still 16 Nov.

Regards Jay & Kathryn
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